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PREFACE. 


Robinson's  Higher  Arithmetic  has  proved  its  value  and  utility 
bj  a  thirty-five  years'  test,  and  its  plan  and  features  are  so  well  known 
that  it  seems  unnecessary  to  call  attention  to  them.  The  present 
edition  has  been  thoroughly  revised  and  reset.  Nothing  of  value  or 
merit  in  the  old  edition  has  been  discarded,  but  it  has  been  the  aim 
of  the  revision  to  completely  modemixe  the  book  and  to  make  it  as 
folly  up  to  date  as  any  of  the  most  recent  books  published. 

While  almost  every  chapter  has  been  entirely  rewritten,  and  much 
new  and  valuable  matter  has  been  added,  the  general  plan  of  the 
book  has  not  been  disturbed. 

The  work  in  its  present  form  is  intended  to  complete  a  well  graded 
and  progressive  series  of  Arithmetics,  and  to  furnish  to  advanced  stu- 
dents  a  full  and  comprehensive  text-book  on  the  science  of  numbers 
— a  work  that  shall  embrace  those  subjects  necessary  to  give  the 
pupil  a  thoroughly  practical  and  scientific  arithmetical  education. 

As  the  book  is  addressed  to  advanced  pupils,  the  author  has 
throughout  assumed  that  the  student  has  an  elementary  knowledge 
of  the  fundamental  principles  of  arithmetic.  With  this  as  a  basis  it 
has  been  possible  to  treat  the  subjects  in  a  much  more  logical  and 
scient^c  way  than  would  be  practicable  in  an  elementary  work. 
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4  PREFACE. 

The  following  characteriatics  of  a  first  class  t«xt-book  will  be 
obvious  to  all  who  examine  this  work ;  the  philoeophical  and  scien- 
tific arrangement  of  the  subjects;  clear  and  concise  definitions;  full 
and  rigid  analyses;  exact  and  comprehensive  rules;  brief  and  accu- 
rate methods  of  operation ;  the  wide  range  of  subjects  and  the  large 
number  and  practical  character  of  the  examples —  in  a  word,  tcieniific 
accuracy  combined  with  practical  utility,  throughout  the  work. 

Unch  labor  and  attention  have  been  devoted  to  obtaining  correct 
and  adequate  information  pertaining  to  mercantile  and  commercial 
transactions,  and  the  Government  Standard  units  of  measures, 
weights,  and  money.  The  counting-room,  the  bank,  the  insurance 
and  broker's  office,  the  navy  and  ship-yard,  the  manufactory,  the 
wharves,  the  custom-house,  and  the  mint,  have  alt  been  visited,  and 
the  most  reliable  statistics  and  the  latest  stntutes  have  been  consulted, 
for  the  pur]}ose  of  securing  entire  accuracy  in  those  parts  of  this  work 
which  relate  to  these  sulijects  and  dfportntents. 

By  treating  the  decimal  notation  in  the  very  beginning  of  tJie  book 
as  part  of  the  general  scheme  of  Arabic  notation,  it  has  been  possible, 
at  an  e:trly  stage,  to  introduce  simple  practical  examples  which,  in 
most  books,  do  not  find  a.  place  till  near  the  end  of  the  work.  Thus, 
as  applications  of  addition  and  subtraction  will  be  found  examples  in 
bookkeeping;  under  muUtplicatioii  waA  division  examples  in  accounts 
and  bills,  surfaces  an<l  volumes,  involution,  as  well  as  simple  examples 
in  interest,  taxes,  insurance,  exchange,  etc. 

Special  attention  is  called  to  the  treatment  of  the  Metric  System; 
and  to  the  chapter  on  Practical  Measurement«,  in  which  many  new 
subjects,  snch  as  temperature,  specific  gravity,  etc.,  have  been  intro- 

The  uniformity  of  plan  in  the  book  adds  greatly  to  the  ease  with 
which  the  subjects  are  mastered.  When  once  familiar  with  tbe 
arrangement  the  stndent  knows  immediately  where  to  look  for  and 


PBEFACE. 


find  any  special  point  or  detail  in  any  chapter.  First  he  finds  a  clear 
and  logical  development  of  the  subject,  then  a  model  example  with 
the  solution,  and  lastly,  the  rule. 

It  is  hoped  that  this  book  in  its  new  guise  will  meet  the  demands  of 
an  who  require  a  thorough,  scientific  training  in  higher  arithmetic  — 
such  a  training  as  will  enable  the  student  to  solve,  without  difficulty, 
any  example  that  may  be  given  on  an  examination  paper,  as  well  as 
those  that  constantly  present  themselves  for  solution  in  the  ordinary 
business  of  life. 
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HIGHER  ARITHMETIC. 


GENERAL  DEFINITIONS. 


1.  Quantity  is  any  thing  that  can  be  increased^  diminished, 
or  measured ;  as  distance,  space,  weight,  motion,  time. 

8.  A  Unit  is  onej  a  single  thing,  or  a  definite  quantity. 

3.  A  Number  is  a  unit,  or  a  collection  of  units. 

4.  The  Unit  of  a  Number  is  one  of  the  collection  constituting 
the  number.    Thus,  the  unit  of  34  is  1 ;  of  34  days  it  is  1  day. 

5.  An  Abstract  Number  is  a  number  used  without  reference 
to  any  particular  thing  or  quantity ;  as  3,  24,  756. 

6.  A  Concrete  Number  is  a  number  used  with  reference  to 
some  particular  thing  or  quantity ;  as  3  hours,  24  cents,  756 
miles. 

7.  Unity  is  the  unit  of  an  abstract  number. 

8.  The  Denomination  is  the  name  of  the  unit  of  a  concrete 
number ;  as  1  apple,  1  mile, 

9.  A  Simple  Number  is  either  an  abstract  number,  or  a  con- 
crete number  of  but  one  denomination ;  as  48,  52  poimds,  36 
days. 

10.  A  Compound  Number  is  a  concrete  number  expressed  in 
two  or  more  denominations ;  as  4  bushels  3  pecks ;  8  rods  4 
yards ;  2  feet  3  inches. 

11.  An  Integral  Number,  or  an  Integer,  is  a  number  which 
expresses  whole  things ;  as  5, 12  dollars,  17  men. 
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12  GENERAL  DEFINITIONS. 

12.  A  Fractional  Number,  or  a  Fraction,  is  a  number  which 
expresses  equal  parts  of  a  whole  thing  or  quantity ;  as  ^,  f  of 
a  pound,  ^j  of  a  bushel. 

Note.  —The  Denominator  of  th«  fraetloB  names  the  number  of  psrU  Into  which  the 
unft  is  divided,  and  the  Numerator  shows  how  many  of  these  parts  are  taken  in  the  fi«o- 
tioo.    Thus,  in  },  4  is  the  denominator  and  8  the  numerator. 

13.  Decimals  are  parts  obtained  by  dividing  an  integer  into 
tenths,  hundredths,  thousandths,  etc. ;  as  ^^  or  .3,  .06  of  a  mile. 

14.  Like  Numbers  have  the  same  kind  of  unit,  or  express  the 
same  kind  of  quantity.  Thus,  74  and  16,  or  74  pounds  and  16 
pounds,  are  like  numbers ;  also  4  weeks  and  3  days,  both  being 
used  to  express  units  of  time. 

15.  Unlike  Numbers  have  different  kinds  of  units,  or  are  used 
to  express  different  kinds  of  quantity.  Thus,  36  miles  and  15 
days ;  b  hours  and  5  cents,  are  unlike  numbers. 

16.  A  Scale  is  a  series  of  units,  increasing  or  decreasing  by 
fixed  multipliers  or  divisors.  Thus,  10,  100,  1000,  10000; 
10000,  1000,  100,  10;  12, 144, 1728,  are  scales. 

17.  A  Uniform  Scale  is  one  in  which  the  multiplier  or  divisor 
is  the  same  throughout  the  entire  succession  of  units ;  as  10, 
100, 1000, 10000 ;  5,  25, 125,  625. 

18.  A  Varying  Scale  is  one  in  which  the  multiplier  or  divisor 
is  not  the  same  throughout  the  entire  succession  of  units ;  as 
the  scale  of  linear  measure,  1  in.  1  ft  1  yd.,  etc.,  in  which 
the  multiplier  changes,  being  12  from  the  first  unit  to  the 
second,  3  from  the  second  to  the  third,  etc. 

19.  A  Decimal  Scale  is  one  in  which  the  multiplier  or  divisor 
is  uniformly  ten ;  as  10,  100, 1000, 10000,  etc. 

20.  Mathematics  is  the  science  of  quantity. 

21.  The  two  fundamental  branches  of  Mathematics  are 
Geometry  and  Arithmetic.  Geometry  considers  quantity  with 
reference  to  position,  form,  and  extension.  Arithmetic  con- 
siders quantity  as  an  assemblage  of  definite  portions,  and  treats 
anJ^  of  those  conditions  and  attributes  whieli  m«u^  be^  iuvestv- 

ffated  and  expressed  by  numbers. 
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22.  Arithmetic  is  the  science  of  numbers,  and  the  art  of  com- 
putation. 

Note.  —  When  Arltbmatle  traiU  of  openUons  on  abstract  numbers  It  is  »  science,  and  is 
esUed  Pure  Arithmetic.  When  it  treets  of  ojientioDB  on  concrete  noinbers  it  is  an  art, 
tad  is  called  Applied  Arithmetic.  Pare  aad  Applied  Arithmetic  are  also  called  Theoretical 
sad  Practical  Arithmetic, 

23.  An  Equation  is  an  expression  of  equality  between  two 
nimibers  or  combinations  of  numbers. 

24.  A  Problem  is  a  question  to  be  solved  by  computation. 

25.  A  Principle  is  a  general  truth  taken  as  a  basis  for  a 
computation. 

26.  A  Rule  is  a  general  direction  for  solving  problems  of  a 
particular  kind. 

27.  A  Demonstration  is  a  process  of  reasoning  by  which  a 
truth  or  principle  is  established. 

28.  A  Solution  is  a  statement  showing  how  a  problem  is  solved. 

29.  Analysis,  in  Arithmetic,  is  the  process  of  investigating 
principles,  and  solving  problems,  independently  of  set  rules. 

SO.  An  Operation  is  a  process  in  which  figures  are  employed 
to  make  a  computation,  or  to  obtain  some  arithmetical  result. 

31.  The  Five  Fundamental  Operations  of  Arithmetic  are, 
Notation  and  Numeration,  Addition,  Subtraction,  Multiplicar 
tion,  and  Division. 

SIGNS. 

32.  The  following  are  the  signs  used  in  Arithmetic : 
Addition  -f  Involution  3' 
Subtraction       —                           F     1  f        ^  Square  root  V 
Multiplication  x                                              1  Cube  root      -y/~ 

Division  -^  ) Parentheses  (  ) 

Equality  =  Vinculum 


Ratio  :  Brackets  [  ] 

Proportion        ;:  Braces  \    \ 

NoTB.  —  Nambers  Inclnded  in  parentheses,  brackets,  or  under  the  TiDculum  are  to  be 
eonsidered  together  and  subjected  to  the  same  opermtion.   Thus^  (8+4)x6,  S+4x5,  [8-l-4]x5 
mad{8'^4}x5iDdicte  thnt  the  aum  of  8  tnd  4, 1%,  \a  to \>«  miQL\WV^«^  Vl  X»,^m<b  ^\\^^ 
ntmne  ttMt  81m  to  he  added  to  4  x  5,  or  90. 
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33.  An  Aziom  is  a  self-evident  truth.     The  principal  axioms 
required  in  arithmetical  investigations  are  the  following: 

1.  If  the  same  quantity  or  equal  quarUitiea  are  added  to  equal 
quantities,  t/ie  sums  wiU  be  equal. 

TbQS, 3+1  =  4  and  8  +  1+2  =  4  +  2. 

2.  If  the  same  quantity  or  eqxuil  quantities  are  subtracted  from 
equal  quantities,  the  remainders  will  be  equal. 

Thu8.3+1  =  4  and  3+1-2  =  4-2. 

3.  If  equal  quantities  are  multiplied  by  the  same  number,  the 
products  will  he  eqtial. 

TbuB,  3  +  1  =  4  and  (3  +  1)  X  2  =  4  X  2. 

4.  If  equal  quantities  are  divided  by  the  same  number,  the 
quotients  will  be  equal. 

Thus,  3  +  1  =  4  and  (3  +  1)  +  2  =  4  +  2. 

6.   Jf  the  same  number  is  added  to  a  quantity  and  subtracted 
from  the  sum,  the  remainder  wiU  be  that  quantity. 
Thus,  3  +  1  =  4  and  4-1=3;  or  3  +  1-1=  3. 

6.  If  a  quantity  is  multiplied  by  a  number  and  the  product 
divided  by  tlie  same  number,  the  quotient  will  be  that  quantity. 

Tbus,  3x4  =  12  and  12 +  4  =  3;  or  3x44-4  =  3. 

7.  Quantities  which  are  respectively  equal  to  any  other  quantity 
are  equal  to  each  other. 

TboB,  8x2  =  19  and  4  x4  =  16;  bence  8  x  2  =  4  x  4. 

8.  Like  powers  or  like  roots  of  equal  quantities  are  equal. 
ThuB,  3  +  1  =  4  and  (3  +  1)"  =  4>  i  v^TT  =  v'4": 

9.  The  whole  of  any  quantity  is  greater  than  any  of  its  parts. 
Thus,  2  +  3  +  1  +  4  =  10  and  10  is  greater  than  2,  3, 1,  or  4. 

10.  The  whole  of  any  gua}Uity  is  equal  to  the  sum  of  all  its 
parts. 

Thus,  2  +  3  +  6  +  6  =  16  and  10  is  equal  to  the  sum  of  all  tbe  parts. 
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34.  Votatioii  is  a  method  of  uniting  or  expressing  numbers 
by  characters. 

35.  Numeration  is  a  method  of  readirig  nimibers  expressed 
by  characters. 

36.  Two  systems  of  notation  are  in  general  use — the  Roman 
and  the  Arabic. 

Note.  —The  Boman  noUtlon  is  sappoaed  to  have  been  first  nsed  by  the  Romans,  hence 
Its  name.  The  Arabic  notation  was  first  introdaced  into  Europe  by  the  Moors  or  Arabs, 
who  eonqnered  and  held  possession  of  Spain  daring  the  11th  centary.  It  received  the 
attention  of  scientific  men  in  Italy  at  the  beginning  of  the  18th  centary,  and  was  soon  after- 
ward adopted  in  most  European  countries.  Formerly  it  was  supposed  to  be  an  invention 
of  the  Arabs ;  but  Investigations  have  shown  that  the  Arabs  adopted  it  fl^m  the  Hindoos, 
among  whom  It  has  been  In  use  more  than  SOOO  years.  From  this  undoubted  origin 
it  Is  sometimes  called  the  Indian  notation, 

THE  SOMAN  NOTATION. 

37.  This  system  employs  seven  capital  letters  to  express 
numbers.    Thus^ 

LETTEB8  I  V  X  li  C  D  M 

Values  One  Five  Ten  Fifty  One  Five  One 

Hundred      Hundred     Thousand 

38.  The  Roman  notation  is  founded  upon  five  principles,  as 
follows : 

Principles. — I.   Repeating  a  letter  repeats  its  value. 
Thus,  II  represents  two,  XX  twenty,  CCC  three  hundred. 

II.  If  a  letter  of  any  value  is  placed  after  one  of  greater  valuer 
Us  value  is  to  be  united  to  that  of  the  greater. 

Thus,  XI  represents  eleven,  LX  sixty,  DC  six  hundred. 
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III.  IJ  a  letter  of  awj  value  is  jrfoced  before  one  of  greater 
value,  its  value  is  to  be  taken  from  that  of  lite  greater. 

Thus,  IX  represents  nine,  XL  fony,  Cl>  four  hundred. 

IV.  If  a  letter  of  any  value  ia  placed  betiveen  tu)o  letters,  each 
of  greater  value,  it*  value  ia  to  be  taken  from  the  united  value  of 
the  other  two. 

Thtu,  XIV  repreBenla  fourteen,  XXIX  twenty-nine,  XCIV  ninety-four. 

V.  A  bar  or  da^t  2>l(tfed  over  a  letter  increases  its  value  one 
thousand  fold. 

Thus,  V  signifies  five,  and  V  five  thousand ;  L  fifty,  •sd  L  fifty 
thousand. 

39.  The  following  table  shows  the  method  of  expressing 
numbers  by  Roman  notation : 


TABLE  OF   ROMAN    NOTATION. 

I  =  One. 

XX  =  Twenty. 

II  =  Two. 

XXI  =  Twenly-one. 

Ill  =  Three. 

XXX  =  Thirty. 

IV  =  Four. 

XL  =  Forty. 

V  =  Five. 

L  s  Fifty. 

VI  =  Sii. 

LX  =  Siity. 

VII  =  Seven. 

LXX  =  Seventy. 

VIII  =  Eight. 

LXXX  =  Eighty. 

IX  =  Nine. 

XC  =  Ninety. 

X  =  Ten. 

C  =  One  hundred. 

XI  =  Eleven. 

CC  =  Two  hundred. 

XII  =  Twelve. 

D  =  Five  hmidred. 

XIII  =  Tliirteen. 

DC  =  Six  huDdred. 

XIV  =  Fourteen. 

M  =  One  thousand. 

XV  =  Fifteen. 

XVI  =  Sixteen. 

MM  =  Two  thousand. 

X  =  Ten  tliousand. 

XVIII  =  Eighteen. 

C  =  One  hundred  thousand. 

XIX  =  Nineteen. 

M  =  One  million. 

iDMd  oh^ully  laUiliDoUtlDii 
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Szamples. 

40.  Express  the  following  numbers  by  the  Roman  notation : 

1.  Fourteen.  6.  Fifty-one. 

2.  Nineteen.  7.  Eighty-eight 

3.  Twenty-four.  8.  Seventy-three. 

4.  Thirty-nine.  9.  Ninety-five. 

5.  Forty-six.  10.  One  hundred  one. 

11.  Five  hundred  fifty-five. 

12.  One  thousand  three. 

13.  Twenty  thousand  eight  hundred  forty-five. 

14.  One  hundred  thousand  seventy-seven. 

THE  ARABIC  NOTATION. 

41.  This  system  employs  ten  characters  or  figures  to  express 
numbers. 

FIOCHE8  012345678       9 

Names  AKD  1       Naught   0n«      Two     ThrM     Four      Fiv«       Six     S«yen     Eight       Nln« 

Values     /     cipher 

43.  These  figures  and  the  numbers  they  express  are  called 
the  ten  Digits. 

NoTK.  —  Some  authorities  do  not  Include  the  0  irith  tho  digits ;  they  then  have  only  nine. 

43.  The  cipher,  or  first  character,  is  called  naughty  because  it 
has  no  value  of  its  own.  It  is  otherwise  termed  nothing,  and 
zero.  The  other  nine  characters  are  called  significant  Jigitres, 
because  each  has  a  value  of  its  own. 


The  ten  Arabic  characters  are  the  Alphabet  of  Arith- 
metic. Used  independently,  they  can  express  only  the  nine 
numbers  that  correspond  to  the  names  of  the  figures  1  to  9. 
But  when  combined  according  to  certain  principles,  they  serve 
to  express  all  numbers. 

45.  The  notation  of  all  numbers  by  the  ten  figures  is  accom- 
plished by  the  formation  of  a  series  of  units  of  different  values, 
to  which  the  digits  may  be  successively  applied.    First,  ten 
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simple  unita  are  considei-ed  together,  and  treated  as  a  single 
superior  uuit;  then,  a  collection  of  ten  of  these  new  miits  is 
taken  aa  a  still  higher  unit ;  and  so  on,  indefinitely.  A  regular 
series  of  units,  in  ascending  orders,  is  thus  formed : 

TABLE   OF    U^ITS. 

Primary  unita  are  catted  units  of  the  flrat  order. 

Ten  UDitB  of  tlie  first  order  make  1  unit  of  the  second  order. 
Ten  units  of  the  second  order  make  1  unit  of  the  Uilrd  order. 
Ten  Duits  of  the  third  order  nialte     1  unit  of  tlie  fourth  order. 


46,  The  various  orders  of  units,  when  expressed  by  figures, 
are  distinguished  from  each  other  by  their  location,  or  the  place 
they  occupy  in  a  horizontal  row  of  figures.  Units  of  the  first 
order  are  written  at  the  right  hand ;  units  of  the  second  order 
occupy  the  second  place ;  units  of  the  third  order,  the  third 
pla^e ;  and  so  on,  counting  from  right  to  left. 


1st  . 

.  .  Ones  or  Units. 

8th  . 

.  .  Ten  MllUons. 

2d   . 

.  .  Tens, 

9th  . 

.  .  Hundred  Millions. 

3d  . 

10th  . 

.  .  BillionB. 

1th. 

.  .  Thousands. 

11th  . 

.  .  Ten  Billions. 

6th. 

.  .  Ten  Thousands. 

12th  . 

.  .  Hundred  BiUioiu. 

6tb. 

13th  . 

.  .  Trillions. 

7th. 

.  .  MllUona. 

345890602  1436 
In  this  notation  we  observe  that  — 

1.  A  figure  written  in  the  place  of  any  order  expresses  as 
many  units  of  that  order  aa  are  denoted  by  the  name  of  the 
figure  used.  Thus,  436  expresses  4  units  of  the  3d  order,  3 
units  of  the  2d  order,  and  6  units  of  the  1st  order. 

2.  The  cipher,  having  no  value  of  its  own,  is  used  to  fill  the 
places  of  vacant  order.'!,  and  thus  preserve  the  relative  posi- 
tions of  the  significant  figures.  Thus,  in  50,  the  cipher  shows 
the  absence  of  simple  units,  and  at  the  same  time  gives  to  the 
figure  6  the  locaJ  value  of  the  second  order  of  units. 
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47.   Orders  to  the  right  of  units  represent  divisions  of  a 

unit  into  tenths^  hundredthsy  tJionsandUJis,  etc.,  and  are  called 

Dedmals. 

The  first  order  to  the  left  of  units,  as  we  have  seen,  is  tens ;  the  first 
order  to  the  right  of  nnits  is  tenths;  thus,  1.5  is  one  and  ^ve  tenths.  The 
second  order  to  the  right  of  units  is  hundredtfis  ;  the  third  order  thou- 
sandths, and  so  on.  All  orders  at  equal  distances  to  the  right  and  left  of 
units  have  corresponding  names. 


DECIMAL 

DECIMAL 

ORDERS. 

NAMES. 

ORDERS. 

NAMES. 

1st    . 

.  .  Tenths. 

7th  . 

.  .   Ten-millionths. 

2d    .  , 

.  .   Hundredths. 

8th  .  . 

,  .   Hundred-roillionths. 

3d     .  . 

.  .  Thousandths. 

9th  .  . 

.  .   Billionths. 

4th  .  . 

.  Ten-thousandths. 

10th  .  . 

,  .   Ten-billionths. 

6th  .  . 

.  .   Hundred-thousandths. 

11th  .  . 

.  .   Hundred- billionths. 

6th  .  . 

.   Millionths. 

12th  .  . 

,  .  Trillionthfl. 

48.  Since  tlie  number  expressed  by  any  figure  depends  upon 
the  place  it  occupies,  figures  have  two  values,  simple  and  local. 

49.  The  Simple  Value  of  a  figure  is  its  value  when  taken 
alone ;  thus,  4,  7,  2. 

60.  The  Local  Value  of  a  figure  is  its  value  when  used  with 
another  figure  or  figures  in  the  same  number.  Thus,  in  325.4 
the  local  value  of  the  3  is  300,  of  the  2  is  20,  of  the  5  is  5 
units,  and  of  the  4  is  4  tenths. 

NoTK. — When  ft  fi^are  ooeuptos  anlta*  place,  iu  simple  ftnd  local  yalaes  ftre  the  nme. 

51.  The  units  of  the  various  orders  of  a  number  are  some- 
times called  the  TemiB  of  a  number.  Thus  the  number  325 
has  three  terms ;  5  is  the  units'^term,  2  the  tens'  term,  and  3 
the  hundreds'  term. 

» 

KoTK.  —The  word  term  1b  applied  to  ihejlgurea  u  weU  as  to  the  numbert  they  express. 

62.  The  leading  principles  upon  whicb  the  Arabic  notation 
is  founded  are  embraced  in  the  following  laws : 

General  Laws.  —  I.  AU  numbers  are  eaepressed  by  applying 
the  ten  figures  to  different  orders  of  units. 

n.  The  different  orders  of  units  increase  from  right  to  leftf 
and  decrease  from  left  to  righty  in  a  tenfold  ratio. 
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III.  Every  removal  of  ajlyare  one  place  to  tlie  left,  increases 
its  local  value  tenfold;  and  every  removed  of  a  figure  one  place 
to  the  riglit,  diminishea  its  local  v(Uue  tenfold. 

IV.  Numbers  to  tite  right  of  the  united  place  increase  and 
decrease  precisely  like  titose  to  ilte  left,  and  are  separated  from  the 
nnits  by  a  decimcU  point. 

53.  Oiir  method  of  numerating,  or  naming,  groups  the  suo- 
cessive  orders  into  jyeriods  ot  three  figures  ea^h,  there  being 
three  oi-ders  of  thousands,  three  orders  of  millions,  and  so  on 
in  all  higher  orders.  These  periods  are  sometimes  separated 
by  commas,  as  in  the  following  table : 

NUMERATION   TABLE. 


■E=        -6=        -5^        "^Ij.        If       il||.|l. 

16  5,983,215,732,754  .  573,256,378 


N<nK.  —  TluiBbovs  lathe  Fninch  mpthod  of  numenillnK.  >nd  l>  the  ana  In  pmeml  use 
In  ttili  couDtry.    TbeKni;M!'hiiiiini'raleb/]>«Hadnor>Uairur«HHh.    SrefM. 

54.  The  denominator  of  a  decimal  fraction,  when  expressed, 
is  necessarily  II),  100,  1000,  or  some  power  of  10.  liy  examin- 
ing the  table  it  will  be  seen  that  tlie  number  of  places  in  a 
decimal  is  equal  to  the  number  of  ciphers  i-equii-ed  to  express 
its  denominator.  Thus,  tenths  occupy  the  first  pla^^e  at  the 
right  of  units,  and  the  denominator  of  ^  has  one  cipher ;  hun- 
dredths in  the  table  extend  two  places  from  uuits,  and  the 
denominator  of  ^l^  has  two  ciphers ;  and  so  on. 
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55.  A  decimal  is  usually  read  as  expressing  a  certain  num- 
ber of  decimal  units  of  the  lowest  order  contained  in  the 
decimal.  Thus,  5  tenths  and  4  hundredths,  or  .54,  is  read, 
fifty-four  hundredths. 

The  currency  of  the  United  States  is  decimal,  since  10  mills  make  1 
cent,  10  cents  1  dime,  and  10  dimes  1  dollar.  Dollars  are  written  to  the 
left  of  the  decimal  i>oint.  The  first  two  places  at  the  right  of  the  decimal 
point  express  dimes  and  cents,  or  tens  and  units  of  cents,  and  the  third 
place,  mills.  Thus :  Twenty-five  dollars,  sixty-three  cents,  four  mills,  is 
written  $25.634 ;  One  dollar  and  five  cents  is  written  $1  05.  A  mill  is 
simply  an  expression  for  a  tenth  of  a  cent,  for  there  is  no  such  coin  as  the 
mill  in  use. 

56.  The  names  of  the  periods  are  derived  from  the  Latin 
numerals.  The  twenty-two  given  below  extend  the  numeration 
table  to  the  sixty-sixth  place  or  order,  inclusive. 


PERIODS. 

NAMES. 

PERIODH. 

NAMES. 

1st     . 

.    Units. 

12th    . 

.    .    Decillions. 

2d        .       . 

.    Thousands. 

13th     . 

,    .    Undecillions. 

3d     .    . 

Millions. 

14th     . 

.    .    Duodecillions. 

4th     .    . 

.    Billions. 

15th     . 

.    ,    Tredecil lions. 

6tli    .    . 

.    .    Trillions. 

16th    . 

.    .    Quatuordecillions. 

6th     .    . 

,    .    Quadrillions. 

17th    . 

.    .    Quindecillions. 

7th    .    , 

,    .    Quintillions. 

18th     . 

.    .    Sexdecillions. 

8th    . 

.    .    Kextillions. 

19th     . 

.    .    Septendecillions. 

9th    .    . 

.    Septillions. 

20th    . 

.    .    Octodecil lions. 

10th    . 

.    .    Octillions. 

21st     . 

.    .    Novendecillions. 

llUi    . 

.    .    Nonillions. 

22d      . 

.    .    Vigintillions. 

57.  Rule  for  Notation.  —  I.  Beginning  at  the  left  hand, 
rente  the  figures  that  express  the  hundreds,  tens,  and  units  of  each 
successive  period  in  their  order,  placing  a  cipher  tcherever  an 
order  of  units  is  omitted, 

II.  Write  the  decimal  point  at  the  right  of  the  units  and  after 
it  the  figures  that  exjjress  the  units  of  the  successive  decimcd 
orders, 

58.  Rule  for  Numeuation.  —  I.  SeparcUe  the  whole  nmn- 
her  into  periods  of  three  figures  eacli,  commencing  at  units, 

II.  Beginning  at  the  left  hand,  read  each  period  separately/,  and 
give  the  name  to  each  period,  except  the  last,  or  period  of  units. 
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III.  Read  the  decimal  as  an  integer,  arid  give  to  it  tfie  name 
of  its  lowest  or  Tight-hand  order. 

NoTt  — In  iinLied  nnmber  campoud  of  Mlntegw  ud  »de8lm»l,  mA  th*  Moritnul 
betweAD  thfi  Integer  and  the  decimal, 

59.  Write  and  read  the  following  numbers : 

1.  One  unit  of  the  third  order,  two  of  the  second,  fire  of 
the  first. 

2.  Two  units  of  the  fifth  order,  four  of  the  fourth,  five  of 
the  second,  six  of  the  first. 

3.  Seven  units  of  the  fourth  order,  five  of  the  third,  three 
of  the  second,  eight  of  ttie  first. 

4.  Nine  units  of  the  fourth  order,  two  of  the  tliird,  four  of 
the  first 

6.   Five  units  of  the  fourth  order,  eight  of  the  second. 

6.  Five  units  of  the  fifth  order,  one  of  the  third,  eight  of 
the  first. 

7.  Three  units  of  the  fifth  order,  six  of  the  fourth,  four  of 
the  third,  seven  of  the  first. 

8.  Eightunitsof  the  first  decimal  order,  three  of  the  second. 

9.  Two  units  of  the  sixth  order,  four  of  the  fifth,  nine  of 
the  fourth,  three  of  the  tliird,  five  of  the  first. 

10.  Three  units  of  tlie  eighth  order,  five  of  the  seventh,  four 
of  the  sixth,  tliree  of  the  fifth,  eight  of  the  fourth,  five  of  the 
ttiird,  eight  of  the  second,  seven  of  the  first. 

11.  Three  units  of  the  ninth  order,  eight  of  the  seventh, 
four  of  the  sixth,  six  of  the  fifth,  nine  of  the  first. 

12.  Five  units  of  the  twelfth  order,  three  of  the  eleventh, 
six  of  the  tenth. 

IS.  Four  units  of  the  twelfth  order,  five  of  the  tenth,  eight 
of  the  fifth,  nine  of  the  fourth,  four  of  the  third,  and  nine  of 
the  first  decimal  order,  four  of  the  second,  six  of  the  third, 
eight  of  the  fourth. 

14.  Three  units  of  the  second  decimal  order,  five  of  the 
third,  eight  of  tlie  fifth. 
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15.  Seven  units  of  the  first  decimal  order,  eight  of  the  third, 
nine  of  the  fifth,  seven  of  the  sixth. 

16.  Eight  units  of  the  sixth  order,  three  of  the  fifth,  two  of 
the  fourth,  three  of  the  third,  eight  of  the  first ;  and  nine  of 
the  second  decimal  order,  two  of  the  third,  eight  of  the  fifth, 
three  of  the  sixth. 

Write  the  following  numbers  in  figures : 

17.  Forty-eight. 

18.  One  hundred  sixty-four. 

19.  Forty-eight  thousand  seven  hundred  eighty-nine. 

20.  Five  hundred  thirty-six  million  three  hundred  forty- 
seven  thousand  nine  hundred  seventy-two. 

21.  Ninety-nine  billion  thirty-seven  thousand  four. 

22 .  Eight  hundred  sixty-four  billion  five  hundred  thirty-eight 
million  two  hundred  seventeen  thousand  nine  hundred  fifty- 
three. 

23.  Five  tenths. 

24.  Thirty-six  hundredths. 

25.  Seventy-five  ten-thousandths. 

26.  6  hundred-millionths ;  600  million ths. 

27.  Three  hundred  and  fourteen  thousand  eight  hundred  and 
seventy-seven  millionths. 

28.  Two  dollars  and  fifty-three  cents. 

29.  Five  thousand  twenty  dollars  and  five  cents. 

SO.  Sixty-two  thousand  four  hundred  fifteen  dollars  25 
cents  5  mills. 

81.  Two  hundred  thirty-five  trillion  one  hundred  four  billion 
seven  hundred  fifty  million  sixty-six  thousand  ten  and  twenty- 
five  himdredths. 

32.  Seven  hundred  forty-one  trillion  fifty-four  billion  one 
hundred  eleven  million  one  hundred  one  and  four  hundred 
ninety-six  thousandths. 

33.  Twelve  trillion  fourteen  billion  three  hundred  sixty 
million  and  five  thousand  twenty-nine  hundred-thousandths. 


( 
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Write  the  following  numbers  in  figures,  and  read  them ; 

34.  Twenty-five  units  in  the  second  period,  four  hundred 
ninety -six  in  the  first. 

35.  Three  hundred  sixty-four  units  in  the  third  period,  seven 
hundred  fifteen  in  the  second,  eight  hundred  thirty-two  in  the 

36.  Eighty-one  units  in  the  fifth  period,  two  hundred  nine- 
teen in  the  fourth,  fifty-six  in  the  third. 

37.  Nine  hundred  forty-five  units  in  the  seventh  period, 
eighteen  in  the  fifth,  one  hundred  three  in  the  third,  sixteen 
in  the  second,  eight  in  the  first 

38.  One  unit  in  the  tenth  period,  five  hundred  thirty-si*  in 
the  ninth,  two  hundred  forty-seven  in  the  eighth,  nine  hun- 
dred twenty-four  in  the  seventh,  three  hundred  twelve  in  the 
sixth,  fourteen  in  the  fourth,  two  iu  the  first. 

Bead  the  foUowiug  numbers: 


39.    U4.5.                  44.    54321. 

49.    247843112. 

40.    !ilii.2.                45.    2(M>5.5. 

50.    2367854.278. 

41.    .075.                  46.    $2483.50. 

61.    « 5300008.003. 

42.    2,503.                47,    .001007. 

52.   10100500.  ;«)9. 

43.    .0725.                48.    $1003.34. 

63.   75000040037. 

60.   Tlie   English   method  of  notation  as    used    in    Gi-eat 

Britain,  divides  numbers  by  periods  of  a 
below:  — 

i'j;  figures  each  aa  shown 

1 

. 

ij^^ji  iniii  ., 

1873-45.932410,  31SC 

E    1      1         ^%'l 

)12, 501092 

4«>  F><nod                   Id  P>ri«j                    «d  P< 
T.illion.                           BMIIoni                          Millig 

«t                       IH  P.t(«I 
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SCALES  OF  NOTATION. 

61.  In  any  nniform  scale  (§  17)  the  number  of  units  of  one 
order  required  to  make  one  of  the  next  higher  order  is  called 
the  Radix  of  the  scale. 

62.  In  the  foregoing  decimal  system  of  notation  the  radix  is 
10.  Although  the  decimal  system  of  notation  has  been  found 
very  convenient,  numbers  can  be  expressed  in  a  number  of 
other  uniform  scales.  The  following  table  gives  the  names 
and  radixes  of  several  of  these. 


KAME.  RADIX. 

Binary 2 

Ternary 3 

Qaateruary 4 

Quinary 5 

Senary 6 


NAME.  RADIX. 

Septenary 7 

Octary 8 

Nonary 9 

Undenary 11 

Duodecimal 12 


N«jtb.  —  In  like  HMnaer  any  number,  u  25  ur  97,  Diight  be  taken  m  the  bub  of  a  scale. 

63.  A  scale  contains  as  many  digits  as  there  ai*e  units  in  its 
radix ;  and  every  scale  must  have  the  digit,  0. 

NoTK.  —  The  decimal  scale  bos  ten  dlj^ts,  1,  2,  8,  4,  5,  6,  7,  8,  9,  0 ;  the  nonary  has  nine, 
1,  2,  8,  4,  5,  6,  7,  8,  9 ;  the  octary  eight,  1  to  7  and  0  ;  the  septenary  seven,  1  to  6  and  0 ; 
the  senary  six,  1  to  6  and  0 ;  the  quinary  five,  1  to  4  and  0 ;  the  quaternary  four,  1  to  8 
and  0;  the  ternary  three,  1,  2,  0;  the  binary  two,  1,  0;  the  undenary  eleven,  1  to  9,  and 
one  more  (^ which  may  be  expressed  by  any  character,  as  a),  and  0 ;  and  the  duodecimal 
twelve,  1  to  9,  A,  ^,  0. 

By  combining  the  digits  in  any  scale,  we  obtain  the  notation 
of  that  sc^le. 

In  the  decimal  scale  when  we  pass  0,  we  must  use  two  digits  for  the 
next  number,  which  is  10.  In  like  manner  in  the  quaternary  scale,  when 
we  pajBd  3,  we  must  use  two  digits ;  therefore,  4  in  the  decimal  scale  is 
written  10  in  the  quaternary  scale.  In  the  quinary  scale,  when  we  pass 
4,  we  must  use  two  digits ;  therefore,  6  in  the  decimal  scale  is  written  10 
in  the  quinary.  In  the  decimal  scale,  when  we  pass  99,  we  have  to  use 
three  digits  for  the  next  number,  which  is  100  ;  but  the  highest  number 
we  can  write  in  the  quinary  scale  in  two  figures  is  44,  which  corresponds 
to  24  in  the  decimal  scale.  Therefore,  25  in  the  dechnal  scale  would  be 
written  100  in  the  quinary  ;  and  for  the  same  reason  125  would  be  written 
1000  ;  626,  10000,  etc. 

In  the  ternary  scale,  8  would  be  written  10,  9  would  be  written  100,  27 
would  be  written  1000;  81,  10000,  etc.  In  the  senary  scale,  6  would  be 
written  10, 36  would  be  100,  216  would  be  1000,  1206  would  be  10000,  etc. 


NOTATION   AND   NUMERATION. 


64.   The  following  table  shows  the  notation  in  the  various  scales  with 
he  correspond iu<;  value  of  tlie  numbers,  in  the  decimal  scale ; 


Decimal. 

1 

S 

s 

• 

fi    e 

T 

8    '    9    ,  10     11 

19 

IS 

" 

Binary  .... 
Ternary   .  .  . 
Quaternary    . 
Quinary  .  .  . 
Senary  .... 
Septenary  .  . 
Octary  .... 
Nonary .... 
Undenary   .  . 
Duodecimal  . 

h 

10 
2 
2 
•i 
2 

i 
■i 

2 
2 
2 

11 

10 

3 
.S 
A 
3 
3 
3 
3 

100 

11 

10 

101 
12 

10 
6 
5 
5 
5 
6 
6 

11 
2t 
1 
1 

IC 
f. 

c 
t 

i 

111 
21 
13 
12 

10 

7 

7 
7 
7 

1000 

2a 

20 
13 
12 
11 
10 
8 
8 
8 

1001 
100 

u 

13 
12 
11 
10 
0 
0 

1010 
101 

14 
13 
12 

.  11 

1011 
102 
23 
21 
15 
14 
13 
12 
10 
6 

1100 

22 
20 
15 
14 
13 
11 
10 

1101 

111 

31 
23 
21 
16 
16 
14 
12 

IIIO 
112 
32 
24 
22 
20 
10 
15 
18 
12 

DBCtXAL. 

16 

16 

17 

18 

19 

SO 

SI 

as 

S3 

Binary  .... 
Ternary  .  .  . 
Quaternary    . 
Quinary  .  .  . 
Senary  .... 
Septenary   .  . 
Octary  .... 
Nonary    .  .  . 

Duodecimal  . 

11 
1 

11 

n 

10 

000 
121 
100 
31 
24 
22 
20 
17 
16 
14 

100 

01 

01 
32 
26 
23 
21 
18 
16 
15 

100 
i!0 
10 

10< 

11 

iOl 
03 
34 
31 
26 
23 
21 
18 
17 

0100 
202 
110 
40 
Hi 
20 
24 
22 
10 
18 

lOlO 
2 
1 
4 

8 
S 
£ 
1 
_ 

1 
0 

1 
1 
>3 
» 
6 
3 

0 

10 

10 

in 

12 
42 
34 
81 
26 
24 
20 
In 

0111 
212 
113 
43 
35 

27 
25 
21 
16 

Dbcimil. 

SI 

as 

S6 

S7 

S8 

89 

80 

100 

Binary  .... 

11000 

IIOOI 

11010 

11011 

11100 

11101 

11110 

1100100 

Ternary  .  .  . 

22C 

221 

222 

lOOC 

1001 

1002 

lOK 

10201 

Quaternary    . 

lac 

121 

122 

12-1 

13C 

131 

13i 

1210 

Quinary   .  .  . 

44 

IOC 

101 

102 

103 

104 

IK 

400 

Senary  .... 

40 

41 

42 

43 

44 

46 

50 

244 

Septenary   .  . 

35 

34 

35 

3t: 

4C 

41 

41 

202 

Octary  .... 

3C 

31 

32 

35 

34 

3S 

3f 

141 

Nonary .... 

M 

25 

2i 

3C 

31 

32 

3£ 

121 

Undenaiy   .  , 

22 

21 

24 

26 

2<! 

27 

2f 

91 

20 

2. 

22 

23 

24 

25 

2fl 

84 
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KoTB.  —  For  coiiTieiilenee  the  radix  of  a  Bcale  la  indicated  by  a  amall  flg-are  placed  below 
the  ri^ht-hand  order.  Thas,  244  in  the  senary  #cale  is  indicated  244,;  M  in  the  duo- 
decimal 84^. 

Examples. 

65.  1.  Write  in  the  duodecimal  scale  the  numbers  corre- 
sponding to  those  from  35  to  99  in  the  decimal  scale. 

2-  Write  in  the  undenary  scale,  the  numbei-s  from  31  to  75 
in  the  decimal  scale. 

Write  the  numbera  from  1  to  100  in  the  following  scales : 

3.  Ternary.         5.    Senary.       7.    Binary.       9.   Septenary. 

4.  Quaternary.     6.   Quinary.     8.   Octary.      10.   Nonary. 

66.  To  change  from  the  decunal  scale  to  another  scale. 

1.  Change  6239  from  the  decimal  to  the  quinary  scale. 
OPBKATION.  Solution.  —  Since  in  the  quinary  scale  5  units 

5^  6239  ®'  ®^®  order  make  1  of  the  next  higher,  dividing 

^  £  ^   .       6239  by  5  we  have  1247  units  of  the  second  order 

5)  1:^47 -h 4  ot  1st.      gjjji  fQuj.  remaining  in  tlie  first ;  dividing  1247  by 

5)249-i-2  of  2d.  6  we  have  249  units  of  the  third  order,  and  2  re- 

5)49_|_4  of  3d.  maining  in  the  second.     Continuing  the  division 

pc\qtA  f.f  Afh  until  no  number  equal  to  or  greater  than  5  remains 

-^           i»  K  v  ^^  ^®  quotient,  we  have  one  unit  of  the  sixth 

1  -1-4  of  5th.  order.  4  of  the  fifth,  4  of  the  fourth,  4  of  the  third, 

of  6th.  2  of  the  second,  and  4  of  the  first,  or  144424. 

Ki;i*E.  —  Divide  the  number  in  the  decimal  scale  successively  by 
the  radix  of  the  scale  required,  preserving  each  remainder  until 
the  quotient  is  less  than  tlie  radix.  The  first  remainder  will  rep- 
resent units,  the  second  tens,  etc.,  and  the  laM  quotient  tvill  repre- 
sent the  highest  order  of  the  number  in  the  required  scale. 

NoTK.  —  If  after  any  divlBion  there  is  no  remainder,  a  cipher  must  be  placed  in  the 
corresponding  order. 

2.  Express  in  the  binary  scale :  236,  765,  1290. 

3.  Express  in  the  quaternary  scale :  495,  3256,  7598,  49200. 

4.  Express  in  the  ternary,  senary,  and  quinary  scales :  6342, 
7187,  8941. 

5.  Express  in  the  septenary  and  octary  scales :  41,  357, 2326. 

6.  Express  in  the  nonary,  undenary,  and  duodecimal  scales : 
29, 100,  229,  3568. 
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67.  To  change  from  any  scale  to  the  decimal  scale. 
1.   Change  543q  to  the  decimal  scale. 


OPERATION. 

543 
j6 

34 
6 


Solution.  —  Since  a  higher  unit  in  the  senary  scale  equals 

6  of  the  next  lower,  5  units  of  the  third  order  equal  30  of 

the  second,  and  4  added =34.    In  like  manner  34  units  of 

the  second  order  =  204  of  the  first,  +  3  =207.     Hence  the 

number  in  the  decimal  scale  is  207. 

207  An^, 

Rule.  —  Beghining  with  the  highest  ord^r,  multiply  each  suc- 
cessive order  by  the  radix  of  the  scale^  and  add  to  the  resuU  the 
figure  in  the  next  lower  order,  until  the  lowest  order  is  reached. 
The  last  result  will  be  the  number  cw  expressed  in  the  decimal 
scale. 

Change  the  following  numbers  to  the  decimal  scale : 


2.  IIIII2. 

3.  102023. 

4.  I232O4. 

5.  32430,. 


6.  l;3U4l6. 

7.  6435O7. 

8.  457618. 

9.  57684,. 


10.  31319,1. 

11.  47698,2, 

12.  100000^ 


14.  3333334. 

16.  4444445. 

16.  555555^. 

17.  G66G66j, 


NoTK.  —  All  openUons  can  be  iierfortned  in  uiy  Acale  on  the  «^aiiie  principles  as  In  the 
decimal.  It  is  only  necesrar)'  to  bear  in  mind  each  time,  how  many  units  of  one  order 
make  one  of  the  next  higher. 

68.  Since  varying  scales  do  not  increase  by  one  constant 
multiplier,  in  working  examples  in  such  scales,  we  must  bear 
in  mind  how  many  units  of  each  order  make  one  of  the  next 
higher. 

Thus,  in  the  scale,  1  pound,  1  ounce,  1  pennyweight,  1  grain,  since  24 
grains  =  1  pennyweight,  20  pennyweights  =  1  ounce,  12  ounces  =  1 
pound,  it  follows  that  24  units  of  the  first  order  make  1  of  the  second  ;  20 
of  the  second,  1  of  the  tliird  ;  and  12  of  the  third,  1  of  the  fourth.  Hence, 
the  multipliers  are  successively  24,  20,  12.  In  like  manner  in  the  scale 
of  linear  measure,  since  12  inches  =  1  foot,  3  feet  =  I  yard,  6J  yards 
=  1  rod,  40  rods  =  1  furlong,  and  8  furlongs  =  1  mile,  it  follows  that  12 
units  of  the  first  order  make  1  of  the  second ;  o  of  the  second,  1  of  the 
third  ;  f)\  of  the  thiixl,  1  of  the  fourth  ;  40  of  the  fourth,  1  of  the  fifth  ; 
and  8  of  the  fifth,  1  of  the  sixth. 

XoTK.  —  Varying  scales  are  used  chiefly  in  computations  with  compound  denominate 
numbers. 


ADDITION. 


68.  Addition  is  the  process  of  uniting  several  nunibers  of  the 
same  kind  into  one  equivalent  number. 

70.  The  Addends  aie  the  numbers  to  be  added. 

71.  The  Sum  or  Amount  is  the  result  obtained  by  the  addi- 
tion. 

78.  When  the  given  numbers  contain  several  orders  of  units, 
the  method  of  addition  is  based  upon  the  following  principles : 

Principlj».  —  I.  If  the  like  orders  of  units  are  added  sej^a- 
ratehfy  the  sum  of  all  the  results  must  be  equal  to  the  entire  sum 
of  the  given  numbers,     (Ax.  10.) 

II.  If  the  sum  of  the  units  of  anf/  onler  contains  units  of  a 
higJier  ord^r,  these  higher  units  must  be  combined  with  units  of 
like  order. 

III.  Tlie  trork  must  commence  with  the  loivest  unit,  in  order  to 
combine  the  partial  sums  in  a  single  expression,  at  one  operation, 

Sxamples. 

73.   1.   Find  the  sum  of  397,  470,  and  873. 

oPKRATiON.  Solution.  —  We  arrange  the  numbers  so  that  units  of 

397  Hke  order  stand  in  tlie  same  column.    We  then  add  the 

4jg  first,  or  right  hand  colnmn,  and  find  the  sum  to  be  16 

r^rjc^  miits,  or  1  ten  and  6  units ;  writing  the  6  units  under 

the  column  of  units,  we  add  the  1  ten  to  the  column  of 

1746  Ans.      tens,  and  find  the  sum  to  be  24  tens,  or  2  hundreds 

and  4  tens;  writing  the  4  tens  under  the  column  of 
tens,  we  add  the  2  hundreds  to  the  column  of  hundreds,  and  find  the  sum 
to  be  17  hundreds,  or  1  thousand  and  7  hundreds ;  writing  the  7  hundreds 
under  the  column  of  hundreds,  and  the  1  in  thousands'  place,  we  have 
the  entire  sum,  1746. 

20 


I 


80 


ADDITION. 


2.   Find  the  sum  of  3.975,  476.5321  and  32.2765. 


OPKBATION. 

3.975 
476.5321 
32.2765 


Solution.  —  We  arrange  the  numbers  so  that  units 
of  like  order  stand  in  the  same  column.  This  brings 
the  decimal  points  directly  under  one  another.  We 
add  as  before  and  place  the  decimal  point  in  the  result 
between  tenths  and  units  or  directly  under  the  decimal 


olJ.7836  A71S,    points  in  the  numbers  added. 

Rule.  —  I.  Write  the  numbers  to  he  added  so  thcU  aU  Hie 
Witts  of  tJie  same  order  stand  in  tJie  same  column;  tJial  is,  units 
under  units,  tens  under  tetis,  tenths  under  tenths,  hundredtJis 
under  hundredtlis,  etc. 

II.  Commencing  at  the  rigid  Jiand,  add  each  column  separately, 
and  write  tJie  sum  underneath,  if  it  is  less  tJian  ten. 

III.  If  the  sum  of  any  column  is  ten  or  more  than  ten,  write 
the  unit  figure  oidy,  and  add  Hie  ten  or  tens  to  the  next  column, 

IV.  Write  tlie  entire  sum  of  the  kbst  column, 

V.  If  there  are  decimal  places  in  the  addends,  place  the  decir 
mat  point  in  the  result  directly  under  Hiose  in  the  number  added 

Notes.  —  1.  In  adding^,  learn  to  pronounce  the  pftrtlal  results  without  naming  the 
JLguvMy  separately.    Thus,  in  the  first  example,  say  8,  9, 16;  8, 16,  24;  10, 14, 17. 

2.  When  the  sum  of  any  column  is  greater  than  9,  the  process  of  adding  the  tens  to  the 
next  column  is  called  eafrying. 


Add: 

3. 

4. 

5. 

6. 

8635 

1234567 

67.05 

24603.2341 

2194 

723456 

123.653 

298765.0009 

7421 

34565 

4567.101 

47321.8762 

5063 

45666 

89093.9 

68653.31 

2196 

333 

654321.08 

5376.421 

1245 

53090 

1234567.756 

340.008 

7.  123  +  456  +  785  +  12  +  345-1-901  +  567=? 

8.  12345  +  67890  +  8763  +  347  + 1037  + 198761 


8.  12345  +  67890  +  8763  +  347  + 1037  + 198760  =  ? 

9.  172  +  4005  +  3761  +  20472  +  367012  + 19762  =  1 

0.  Add  .375,  .24,  .536,  .78567,  .4637,  and  .57439. 

1.  Add  5.3756,  85.473,  9.2,  46.37859,  and  45.248377. 


EXAMPLES.  31 

12.  Add  .5,  .37,  .489,  .6372,  .47856,  and  .02524. 

13.  What  is  the  sum  of  thirty-seven  thousand  six,  four  hun- 
dred twenty-nine  thousand  nine,  and  two  million  thirty-six  ? 

14.  Add  eight  hundred  fifty-six  thousand  nine  hundred 
thirty-three,  one  million  nine  hundred  seventy-six  thousand 
eight  hundred  fifty-nine,  two  hundred  three  million  eight  and 
one  hundred  ninety-five  thousand  seven  hundred  fifty-two. 

16.  What  is  the  sum  of  one  himdred  sixty-seven  thousand, 
three  hundred  sixty-seven  thousand,  nine  hundred  six  thousand, 
two  hundred  foi-ty-seven  thousand,  seventeen  thousand,  one 
hundred  six  thousand  three  hundred,  forty  thousand  forty-nine, 
and  ten  thousand  four  hundred  one  ? 

16.  What  is  the  sum  of  137  thousandths,  435  thousandths, 
836  thousandths,  937  thousandths,  and  496  thousandths  ? 

17.  What  is  the  sum  of  one  hundred  two  ten-thousandths, 
thirteen  thousand  four  himdred  twenty-six  himdred-thou- 
sandths,  five  himdred  sixty-seven  millionths,  three  millionths, 
and  twenty-four  thousand  seven  hundred-thousandths  ? 

74.   To  add  two  or  more  columns  at  once. 

1.   What  is  the  sum  of  4632,  2553,  4735,  and  2863  ? 

Solution.  — Beginning  with  the  units  and  tens  of  the 

opsRATioK.  number  last  written,  we  add  first  the  tens  above,  then 

4632  the  units,  thus :  63  and  30  are  93,  and  6  are  08,  and  60 

2553  ^^  l^^f  ^°d  ^  ^^  ^^^  ^^^  ^^  ^^  ^^^)  ^"^  ^  ^^^  ^^^• 

4735  ^  ^^*®  sum,  we  write  the  83  under  the  columns  added, 

9fiA5^  and  carry  tlie  1  to  the  next  columns,  thus :  28  and  I  are 

^^^  29,  and  40  are  69,  and  7  are  76,  and  20  are  96,  and  6  are 

14783  Arts,    101,  and  40  are  141,  and  6  are  147,  which  we  write  in  its 
place,  and  we  have  the  whole  amount,  14783. 

Rule.  —  Taking  tJie  tens  and  units  of  the  last  addend  together 
add  to  it  first  tJie  tens  and  then  the  units  of  the  next  number  ; 
to  this  result  add  first  the  tens  and  then  tJie  units  of  the  next 
number,  and  so  on.  Write  the  tens  and  tinits  of  the  residt  in 
their  proper  pla/xs,  and  carry  the  higher  orders  to  the  next 
column.  Proceed  in  the  same  way  icith  the  next  two  columns, 
and  so  on  until  aU  the  columns  are  added. 
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rind  the  sum. 

adding  two  columns  at  a  time : 

2. 

3. 

4. 

6. 

8450 

75634 

1234.56 

9  73490.42 

5425 

86213 

470.21 

28219.86 

8595 

92045 

821.76 

16218.73 

6731 

73461 

5709.14 

2367.19 

7963 

34719 

3796.23 

4019.63 

5143 

26054 

75.42 

672.54 

4561 

19732 

253.20 

450.67 

6783 

84160 

576.44 

9107.32 

4746 

97013 

9081.76 

63284.19 

2373 

34567 

734.09 

14376.51 

3021 

43651 

31.47 

971()4.20 

7273 

52170 

670.39 

31912.32 

76.  Bookkeeping  is  the  art  of  recording  business  transactions 
in  a  systematic  manner. 

Business  records  or  accounts  are  kept  in  account  books,  and  the  chief 
of  these  are  a  daybook,  a  journal,  and  a  ledger.  Each  account  is  recorded 
by  item  at  the  time  it  is  made  in  the  Daybook.  A  condensed  statement 
of  these  accounts  is  recorded  at  the  end  of  each  day  in  the  Journal.  The 
Ledger  is  tlie  principal  book  into  which  are  brouglit  into  summary  form 
the  accouuta  from  the  journal  or  daybook.  The  items  often  form  long 
columns,  and  accountants  in  adding  usually  add  more  than  one  column 
at  a  single  operation. 

Add  the  following  ledger  accounts : 


1. 

2. 

3. 

4. 

$  13.05 

9  300.25 

$  72.51 

$  1865.00 

69.52 

165.18 

208.09 

21009.00 

321.80 

2.01 

3106.24 

3450.00 

652.09 

31.15 

2398.00 

.56 

15.38 

208.99 

100.09 

2.25 

5.25 

.50 

.75 

300.00 

16.00 

.18 

80.09 

1800.00 

105.00 

18.56 

275.00 

21632.50 

162.08 

201.29 

3500.00 

42561.00 

13.51 

3.82 

6000.00 

3115.67 

PBOOFS  OF  ADDITION. 
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5. 

6. 

7. 

8. 

$42.17 

$506.76 

$2371.67 

$  14763.84 

36.24 

194.32 

4571.84 

33276.90 

18.42 

427.90 

1690.50 

47061.39 

10.71 

173.26 

2037.69 

18242.76 

194.30 

71.32 

5094.46 

37364.96 

347.16 

39.46 

876.54 

8410.31 

40.00 

152.60 

679.81 

5724.27 

12.94 

271.78 

155.48 

56317.66 

86.73 

320.00 

4930.71 

81742.72 

271.19 

709.08 

3104.13 

22431.27 

103.07 

48.50 

1987.67 

40163.55 

600.50 

63.41 

5142.84 

32189.60 

7.59 

56.00 

276.30 

7063.21 

11.44 

410.10 

522.71 

3451.09 

81.92 

372.22 

3114.60 

9200.00 

110.10 

137.89 

1776.82 

1807.36 

107.09 

276.44 

7152.91 

56768.72 

207.16 

18.19 

9328.42 

63024.27 

97.20 

27.96 

472.19 

36180.45 

21.77 

157.16 

321.42 

90807.08 

150.15 

94.57 

2423.79 

28763.81 

427.26 

177.66 

1600.81 

37196.75 

316.42 

327.40 

5976.27 

4230.61 

114.64 

1132.16 

4318.19 

3719.84 

81.13 

876.57 

682.45 

1367.92 

37.50 

179.83 

3174.96 

8756.47 

PROOFS  OF  ADDITION. 

76.  To  prove  addition  by  yarying  the  combinations. 

Rule.  —  Begin  with  tlie  right  hand  or  unit  columiiy  and  add  the 
terms  in  eoc/i  column  in  an  opposite  direction  from  that  in  which 
they  were  first  added;  if  tJie  two  results  agree,  the  work  is  sup- 
posed to  be  Tight. 

77.  To  prove  addition  by  casting  oat  9's. 

The  remainder  arising  from  dividing  any  number  by  0  is  always  the  same 
the  remainder  that  arises  from  dividing  the  sum  of  all  its  digits  by  9. 
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This  arises  from  tbe  fact  that  every  10, 100,  or  1000  of  a  namber,  when 
divided  by  0,  has  a  remainder  of  1.  Thus,  0  into  10,  once  and  1  over ; 
9  into  100, 11  times  and  1  over,  etc.;  9  into  20,  twice  and  2  over;  into 200, 
2000,  etc.,  2  over  ;  into  30,  300,  3000,  etc.,  3  over.  Hence,  if  we  divide 
by  9  separately  the  parts  of  a  number,  the  remainders  will  be  ^pressed 
by  the  digits  of  the  number.  Thus,  if  we  divide  2315  by  9,  first  dividing 
the  2000,  the  remainder  is  2 ;  dividing  300,  the  remainder  is  3 ;  dividing 
40,  the  remainder  is  4 ;  dividing  50,  the  remainder  is  5.  Total  remainder 
is2  +  3  +  4  +  5=14;  excess  of  9^8  in  14  =  5,  which  is  the  same  as  the 
excess  of  9's  in  2345.  Hence,  any  number  is  equal  to  an  exact  number 
of  9's  plus  the  sum  of  its  digits. 

1.  Prove  by  excess  of  9*8  that  348524-24784+72456=132092. 

Solution.  —  Adding  the  digits 

OPERATION.  in  the  first  number,  the  excess  of 

34852,  excess  of  9'8  =4  9's  is  4  ;  in  the  second,  7  ;  and  in 

24784,  excess  of  9's  =    7  the  third,  6.     The  sum  of  these 

72456,  excess  of  9's  =    6  excesses  is  17  and  the  excess  of 

1  '^9m>9                                 17  ®'^  *"  ^"^  ^  ®-     Dividing  132092 

16^{J\fZ,                               1  /,  by  9,  we  find  the  remainder  to  be 

exc.  of  9'8  =  8.       exc.  of  9's  =  8.  8 ;   hence  the  work  is  probably 

coiTect. 

KuLE.  —  I.  Find  the  excess  of  9'«  in  tJie  sum  of  the  digits  in 
each  addend;  add  tliese  excesses,  and  find  tJie  excess  of  9's  in 
their  sum.  If  it  a^grees  with  the  excess  of  9'«  in  tlie  answer,  the 
answer  is  probably  correct. 

NoTRS.  — 1.  It  is  evident  that  the  same  result  will  be  obtained  by  adding  the  digits  in 
oolumns  as  in  rows. 

2.  Tbe  method  of  proving  addition  by  the  excess  of  9's,  fkils  in  the  following  cases : 
1st,  when  the  figures  of  the  answers  are  misplaced ;  2d,  when  the  value  of  one  figure  is  as 
much  too  great  as  that  of  another  is  too  small. 

78.   To  prove  addition  by  casting  oat  11 'a. 

When  a  number  expressed  by  a  digit  in  an  odd  place  is  divided  by  11, 
the  remainder  is  equal  to  that  digit ;  and  a  number  expressed  by  a  digit 
in  an  even  place,  lacks  that  digit  of  being  a  multiple  of  11.  Therefore,  if 
a  number  expressed  by  two  figures  is  divided  by  11,  the  remainder  equals 
the  digit  in  the  odd  place  minus  the  digit  in  the  even  place. 

Thus,  in  4500,  600,  represented  by  6  in  the  third  place  =  (46  x  11)  +  6. 
4000,  represented  by  4  in  the  fourth  place  =  (304  x  11)  —  4.  Hence, 
4500  =  (45  +  304)  x  11  +  (5  -  4),  and  4600  divided  by  11  has  a  remainder 
of  6  —  4  or  1. 

NoTB.  —  If  the  digit  in  the  even  place  is  greater  than  that  in  the  odd  place,  it  cannot  be 
subtracted,  so  we  odd  one  U  to  it,  and  then  proceed  to  subtract. 
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Prikciplb.  —  Any  number  divided  by  11  wiU  have  a  remainder 
equal  to  lite  Sfim  of  the  digits  in  the  odd  places  minus  tlie  sufn  of 
those  in  tfie  even  places. 

Ttom  tills  principle,  we  deduce  a  proof  of  addition  by  casting  oat 
11^8,  similar  to  the  proof  by  casting  oat  9^s. 

1.  Prove  by  excess  of  ll's  that  34852  +  24784  +  72456  = 

132092. 

SoLUTiov.  —  The  ^ums  of   the 

oPERATiox.  digits  in  the  odd  places  minus  those 

34852,  13  —    9  =    4  in  the  even  places  in  the  various 

24784  13  —  12  =    1  addends  are  4  +  1  +  10  =  16,  and 

72456'  17  -   7  =  10  ^^«  «^^f  «].  \^\  ^'^  ^^  =>  J^"" 
—  sum  of  the  digits  in  the  odd  places 

132092,  15,  exc.  =  4.  of  132092  minus  those  in  the  even 

/g  I  '^■^\  —  12  =  4,  places  =  4  ;    and    the    excess    of 

Axo  —  4  ll's  =  4.     Hence,    the  answer  is 

*  probably  correct. 

Rule.  —  Subtract  the  sum  of  the  digits  in  tJie  even  places 
from  the  sum  of  tJiose  in  tlie  odd  places  in  eacli  addend.  Add 
die  results  and  find  tlie  excess  of  ll's  tn  their  s^im.  If  this 
agrees  with  tlie  excess  of  IVs  in  the  answer,  tlie  answer  is  prob- 
ably correct. 

79.   To  proTe  addition  by  samming  up  the  digits. 

If  we  add  the  digits  of  any  number  consisting  of  two  or  more  digits, 
we  find  that  their  sum  is  the  same  as  the  excess  of  9^s  in  the  number. 
Thus,  in  12  the  sum  of  the  digits  is  3,  and  the  excess  of  9's  is  3 ;  in  14, 
the  sum  of  the  digits  is  6,  excess  of  9*8  is  5 ;  in  125,  sum  of  digits  is  8, 
excess  of  9's  is  8,  etc.  Hence,  we  may  prove  addition  by  adding  the 
digits,  and  then  adding  the  digits  in  their  sum,  instead  of  by  casting  out 
the  9's.    The  last  digit  obtained  is  called  the  final  digit. 

1.  Prove  by  summing  up  the  digits  that  34852  +  24784  + 
72456  =  132092. 

Solution.  —  Adding  the  first  row  3  +  4  +  8  +  6 

oPBRATioir.  +  2  =  22,  and  the  sum  of  the  digits  in  22  =  4. 

34352  ]  Adding  the  4  to  the  second  row,  4  +  2  +  4  +  7  + 

24.784  I  8  final  dlrit    ®  +  "*  ^  ^*  ^™  ^^  ^^^^  ^^  J  ^^^^  ^"^^  H  +  7  + 

70A^  I    *  2  +  4  +  6  +  6  =  36,  sum  of  digits,  8  the  final  digit 

Jii^H J  In  the  sum   132092,  1  +  3  +  2  +  0  +  9  +  2=  17, 

132092=  6,  final  digit,    and  the  sum  of  these  digits  is  8.     Hence  the 

answer  is  probably  correct. 
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Rule.  —  Add  tJie  digits  in  tJie  first  addend,  and  find  the  sum 
of  tJie  digits  in  (lie  result.  Add  this  sum  to  the  sum  of  tJie  digits 
in  the  second  addend,  and  sum  up  as  before.  Proceed  in  this 
manner  ujitil  tlie  last  addend  is  summed  up  and  Hie  final  digit  is 
found,  Tlien  sum  up  the  digits  in  tlie  answer  to  he  jyroved.  If 
the  result  is  tlie  same  as  Uie  final  digit  of  the  addends.  Hie 
answer  is  probably  correct. 


Examples  in  the  Preceding  Rolea. 

80.    1.   The  area  and  population  of   the   North   Atlantic 
division  of  the  United  States  in  1890  were  as  follows : 

Area.  Population. 

Maine 83040           661086 

New  Hampshire 9a06           876580 

Vermont 9666           832122 

Massachusetts 8816  2288948 

Rhode  Island 1260           845506 

Connecticat 4990           746258 

New  York 49170  5997853 

New  Jersey 7816  1444933 

Pennsylvania 45216  6268014 

Find  the  total  area  and  population  of  this  division. 


2.   The  area  and  population  of  the  South  Atlantic  division 
in  1890  were  as  follows : 

Area.  Population. 

Delaware 2060  168498 

Maryland 12210  1042390 

District  of  Columbia 70  230392 

Virginia 42450  1655980 

West  Virginia 24780  762794 

North  Carolina 62250  1617947 

South  Carolina 30670  1161149 

Georgia   69476  1837353 

Florida 68680  891422 

What  was  the  total  area  of  this  division  ?    The  total  popu- 
lation ? 
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3.  The  area  and  population  of  the  North  Central  division 
in  1890  were  as  follows : 

AkEA.  POPFLATIOH. 

Ohio 41060  3672316 

Indiana 36360  2102404 

Illinois 66660  3826361 

Michigan 68916  2003889 

Wisconsin 66040  1686880 

Minnesota 83366  1301826 

Iowa 66026  1911896 

Missouri 69416  2679184 

North  Dakota 70796  182719 

South  Dakota 77660  328808 

Nebraska 77610  1068910 

Kansas      82C80  1427096 

What  was  the  total  population  of  this  division  ?    The  total 
area? 

4.  The  area  and  population  of  the  South  Central  division  in 
1890  were  as  follows : 

Arka.  Population. 

Kentucky 40400  1868636 

Tennessee 42060  1767618 

Alabama 62260  1613017 

Mississippi *  .    46810  1289600 

Louisiana 48720  1118687 

Texas 266780  2236623 

Oklahoma 39030  61834 

Arkansas 63860  1128179 

Find  the  total  population ;  the  total  area. 

6.  The  Western  division  was  estimated  as  follows  in  1890 : 

Akra.  Population. 

Montana 146080  132169 

Wyoming 97890  60706 

Colorado 103926  412198 

New  Mexico 122580  163593 

Arizona 113020  69620 

Utah     84970  207906 

Nevada 110700  45761 

Idaho 84800  84386 

Washington 69180  349390 

Oregon 96030  313767 

California 168360  1208130 

Find  the  total  population  of  this  division,  and  the  total  area. 
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ft.   In  addition,  the  United  States  contained  in  1890  the 
following  areas  and  populations : 


Area. 

Alaska 577300 

Indian  Territory   . 31400 

Untaxed  Indians 

Delaware,  Raritan,  and  New  York  Bays,         720 
U.  S.  portion  of  Great  Lakes   ....      65177 


POPULATIOW. 

32052 
179321 
140143 


Find  the  total  area  and  population  of  the  United  States. 

7.  A  man  bequeathed  his  estate  as  follows :  to  each  of  his 
two  sons,  $12450;  to  each  of  his  three  daughters,  $6500;  to 
his  wife,  $  650  more  than  to  both  the  sons ;  and  the  remainder, 
which  was  $  1000  more  than  he  had  left  to  all  his  family,  he 
gave  to  benevolent  institutions.  What  was  the  whole  amount 
of  his  property  ? 

8.  Iron  was  discovered  in  Greece  by  the  burning  of  Moimt 
Ida,  B.C.  1406 ;  and  the  electro-magnetic  telegraph  was  invented 
by  Morse,  a.d.  1832.  What  period  of  time  elapsed  between 
the  two  events  ? 

9.  The  population  of  the  ten  largest  cities  of  the  United 
States  by  the  census  of  1890  was  as  follows : 

Boston,  Mass 448477 

Baltimore,  Md.   .     .     .     .    434439 
San  Francisco,  Cal.      .     .    298997 


New  York,  N.Y. 
Chicago,  111. 
Philadelphia,  Pa. 
Brooklyn,  N.Y. 
St.  Louis,  Mo. 


1616301 

1099850 

1046964 

806343 

451770 


Cincinnati,  0 296908 

Cleveland,  0 261353 


What  was  the  entire  population  of  these  cities  ? 

10.  A  farm  has  five  comers :  from  the  first  to  the  second 
it  is  34.72  rods ;  from  the  second  to  the  third,  48.44  rods ;  from 
the  third  to  the  fourth,  152.17  rods ;  from  the  fourth  to  the 
fifth,  95.36  rods ;  and  from  the  fifth  to  the  first,  56.18  rods. 
What  is  the  whole  distance  around  the  farm? 

11.  The  number  of  people  speaking  the  English  language  is 
estimated  to  be  111100000 ;  the  number  speaking  French, 
51200000;  German,  75200000;  Italian,  33400000;  Spanish, 
26190000.  Find  the  total  number  of  people  speaking  these 
five  languages. 
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81.  Sabtraction  is  the  process  of  taking  away  part  of  a  num- 
ber, or  of  determining  the  difference  between  two  numbers  of 
the  same  tmit  value. 

82.  The  Minttend  is  the  number  to  be  subtracted  from. 

83.  The  Sttbtrahend  is  the  number  to  subtract. 

84.  The  Remainder  or  Difference  is  the  result  obtained  by  the 
subtraction. 

85.  When  the  given  numbers  contain  more  than  one  figure 
each,  the  method  of  subtraction  depends  upon  the  following 
principles : 

pRiNciPLKS.  —  I.  If  tlie  units  of  each  order  in  the  stibtraJiend 
are  taken  separately  from  the  units  of  like  order  in  the  miniisnd, 
the  sum  of  the  differences  must  be  equal  to  the  entire  difference  of 
the  given  numbers.     (Ax.  10.) 

II.  If  the  minuend  and  subtrahend  are  equally  increased,  the 
remainder  wiU  not  be  changed^ 

Szamples. 

86.  1.  From  928  take  275. 


Hlnoeiid, 
Sabtrtthend, 

Bemalnder, 


OPERATION. 

928 


Solution.  —  We  first  subtract  5  units  from 
8  units,  and  obtain  3  units  for  a  partial  re- 
mainder. As  we  cannot  take  7  tens  from  2 
tens,  we  add  10  tens  to  the  2  tens,  making  12 
tens ;  then  7  tens  from  12  tens  leave  6  tens,  the 
second  partial  remainder.  Now,  since  we  added 
10  tens,  or  1  hundred,  to  the  minuend,  if  we  add  1  hundred  to  the  subtra- 
hend, the  true  remainder  wUl  not  be  changed  (§  85,  II);  tlma^  1  himdxed 

d9 


276 
653 


40 
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added  to  2  hnndreds  makes  3  hundreds,  and  this  sum  subtracted  from 
9  hundreds  leaves  6  hundreds.     Hence  we  have  for  the  remainder,  653. 

NoTK.  —  The  process  of  adding  10  to  the  minuend  is  sometimes  ealled  borrowing  10,  and 
that  of  adding  1  to  the  next  figure  of  the  subtrahend,  oarryitig  1. 

The  following  method  is  often  preferred : 


OPERATION. 

m  (8)  (12) 


Minaend, 
Subtrahend, 

Bemainder, 


9  2  8 
2  7  5 

6  5  3 


Solution.  —  We  subtract  5  units  from  8 
units,  and  3  units  remain.  Since  we  cannot 
take  7  tens  from  2  tens,  we  take  1  hundred 
from  the  9  hundreds  and  reduce  it  to  tens ; 
1  hundred  =  10  tens  ;  10  tens  and  2  tens  =  12 
tens ;  7  tens  from  12  tens  leave  6  tens.  Since 
we  have  taken  1  hundred  from  the  9  hun- 
dreds, only  8  hundreds  are  left;  2  hundreds  from  8  hundreds  leave  6 
hundreds.     Hence  we  have  for  the  remainder  653. 

NoTs.  — The  numbers  written  over  the  minuend  are  used  simply  to  explain  more  clearly 
the  method  of  subtracting ;  In  practice  the  process  should  be  performed  mentally,  and  these 
numbers  should  be  omitted. 

2.   From  929.635  take  637.3129. 


Solution.  —  We  place  the  subtrahend  under  the  min- 
uend so  that  units  of  the  same  order  stand  in  the  same 
column,  and  then  proceed  as  in  whole  numbers,  placing 

the  decimal  point  in  the  remainder  directly  below  those 

392.3221  Kem    ^°  *^®  minuend  and  subtrahend,  that  is,  between  tenths 

and  units. 


OPERATION 

929.635 
537.3129 


EuLE. — I.  Write  the  subtrafiend  under  tJie  mimiend,  placing 
terms  of  the  same  order  under  each  other. 

II.  Begin  at  the  unitSy  and  take  each  term  of  the  suhtraJiend 
from  the  corresponding  term  of  the  minuend,  writing  the  rem^ainder 
underneath. 

III.  If  any  term  in  the  subtrahend  is  greater  than  the  corre- 
sponding term  in  the  minuend^  add  10  to  tJie  latter  and  subtract. 
77ien  add  1  to  the  next  term  of  the  subtrahend  (or  subtract  1  from 
tlie  next  term  of  the  minuend)  and  proceed  as  before. 

TV.  If  there  are  any  decimal  orders  in  the  minuend  or  sub- 
trahendj  place  the  decimal  point  in  the  remainder  directly  below 
those  dboroe  it. 

3.  4.  6.  6* 

From    47965    103767    57610218     89764.321 
Take    26714     98731     8306429     83720.595 
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Find  the  remainders : 

7.  58000-212. 

8.  4050-389. 

9.  22012 -.05. 

10.  3456.1-185. 

11.  1.0066 -.15. 

12.  1000 -.001. 

13.  10000 -.0001. 


14.  180037561  -  5703746. 

15.  2460371219-98720342. 

16.  890374261-24350367. 

17.  10000030-999999. 

18.  222222-8.888. 

19.  15.6056-3.2. 

20.  9.8765431  -  .009085. 


87.  To  subtract  two  or  more  nttmbers  at  once. 

1.   A  man  having  1278  barrels  of  flour,  sold  236  barrels  to  A, 
362  to  B,  and  387  to  C ;  how  many  had  he  left  ? 


OPSHATIOlf. 

Ifinoend,  1278 


Babtrahends, 


Bemalnder, 


236 
362 
387 

293 


Solution. — Since  the  remainder  sought, 
added  to  the  subtrahendSf  must  be  equal  to  the 
minuend,  we  add  the  columns  of  the  subtra- 
hends, and  supply  such  numbers  in  the  remainder 
as,  combined  with  these  sums,  will  produce  the 
minuend.  Thus,  7  and  2  are  0,  and  6  are  15, 
and  3  (supplied  in  the  remainder  sought)  are 
18 ;  then,  carrying  the  tens*  term  of  the  18,  1 
and  8  are  9,  and  6  are  15,  and  3  are  18,  and  0 
(supplied  in  the  remainder)  are  27 ;  lastly,  2  to  carry  to  3  are  5,  and  3 
are  8,  and  2  are  10,  and  2  (supplied  in  the  remainder)  are  12 ;  and  the 
whole  remainder  is  293. 

Rule.  —  I.  Write  the  several  suhtrcHtends  under  the  minuend, 
add  the  first  column  of  the  siibtraliends,  and  supply  such  a  number 
in  the  remainder  sought,  as,  added  to  this  partial  sum,  ivill  give 
an  amount  Iiavingfor  its  unit  term  the  term  above  in  the  minuend. 

II.  Carry  the  tena^  term  of  this  amount  to  the  next  column  of 
the  subtraJiends,  and  proceed  as  before  till  the  entire  remainder  is 
obtained. 

2.  3.  4.  5. 

From       47962  127362  903486  2503734 


Take 


21435 

56304 

430164 

89763 

16672 

4782 

132875 

94207 

456 

9156 

67321 

237564 

1 
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88.  Short  method  when  the  minuend  consists  of  one  or  more 
digits  of  any  order  higher  than  the  highest  order  in  the  subtra- 
hend. 

The  difference  between  any  number  and  a  nnit  of  the  next  higher 
order  is  called  an  Arithmetical  Complement  Thus,  4  is  the  arithuietical 
complement  of  6,  31  of  09,  2792  of  7208,  etc. 

1.   Subtract  29876  from  3400000. 


OPERATION. 


Solution. -<  To  subtract  29876  from  3400000  is  the 
oAf\nfinf\  same  as  to  subtract  a  number  one  less  than  29876,  or 

^OOOOU  29875,  from  3399099  (Ax.  2).    We  therefore  diminish 

29876  the  34  of  the  minuend  by  1,  and  then  take  each  term 

3370124  Ans      ^^  ^^^  subtrahend  from  9,  except  the  lowest  or  right- 
hand  term,  which  we  subtract  from  10. 

Bulb.  —  I.  Subtract  1  fi'om  the  significarU  part  of  the  minuend 
and  write  tJie  remainder,  if  any,  as  a  part  of  tJie  result. 

II.  Proceeding  to  the  right,  subtract  eadi  term  in  tJie  subtror 
Jiendfrom  9,  except  the  laMj  whidi  subtract  from  10. 

Subtract : 

2.   756  from  1000.  6.  13057  from  1700000. 

8.   8576  from  4000000.  7.  90.59876  from  64000. 

4.  6768  from  10000.  8.  599948  from  1000000. 

5.  6981  from  100000.  9.  8431.5  from  20000. 

10.  What  is  the  arithmetical  complement  of  271  ?  of  18365? 
of  3401250  ? 

89.  A  Debtor,  in  business  transaotions,  is  a  purchaser,  or  a 
person  who  receives  money,  goods,  or  services  from  another ; 
and  a  Creditor  is  a  seller,  or  a  person  who  parts  with  money, 
goods,  or  services  to  another. 

90.  Business  accounts  have  two  sides :  the  Dr.  or  Debit  side, 
on  which  are  recorded  the  sums  a  person  owes,  and  the  Cr.  or 
Credit  side,  which  contains  the  sums  owing  to  him.  The 
difference  between  the  two  sides  is  called  the  Balance  of  the 
Account. 
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91.  Find  the  balance  of  the  following  accounts : 


Dr. 


1. 
Andrew  Clarke. 


Cr. 


1895 

1895 

May  S 
"     9 
"   15 
**   21 
"   29 

To  Mdse. 
'*  Sundries 
*'  Cash 
"  Mdse. 

f  157. 65 

65.09 

25.00 

175.78 

610.25 

May  6 

"    10 

"    25 

By  Cash 

"   Note 
'^   Balance 

f  75.00 

65.09 

200.00 

SOO.OO 

June  1 

To  Balance 

Dr. 

2 

Joseph 

Sewall. 

Cr. 

1896 

1896 

Jan.   1 
"      5 
"    17 
"    SI 

To  Sundries 
''  Mdse. 
"   Cash 
''   Mdse. 

f  1342.95 

198.16 

15.05 

702.21 

Jan.   6 

"    18 

By  Check 

"    Check 
*'    Balance 

f  500. 00 
S50.00 
725.00 

Feb.  1 

To  Balance 

PROOFS  OF  SUBTRACTION. 

92.  To  prove  subtraction  by  adding  the  subtrahend  and  re- 
mainder, etc. 

Since  the  minuend  minus  the  subtrahend  equals  the  remainder,  the 
remainder  plus  the  subtrahend  must  equal  the  minuend,  and  the  minuend 
minus  the  remainder  must  equal  the  subtrahend. 

KuLE.  —  I.  Add  live  remaimler  to  the  subtraJiend.  If  the  result 
equals  the  minuendj  the  answer  is  correct. 

II.  Subtree  tJie  remainder  from  the  minuend.  If  the  result 
equals  the  subtraJiendf  the  answer  is  correct. 


I 
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93.   To  prove  sttbtraction  by  casting  out  9'8. 

1.   Prove  by  excess  of  9's  that  15964  -  9432  =  6532. 


OPERATION. 


15964,  excess  of  9's  =  7 
9432,  excess  of  9's  =  0 


Solution.  —  Casting  out  the 
9*8  from  the  minuend  (§  77), 
the  remainder  is  7,  and  cast- 
ing out  the  9*8  from  the  sub- 
trahend, the  remainder  is  0. 
Tlie  difference,  7,  is  the  same 


6532,  exc.  of  9's=7.  7,  exc.  of  9's. 

as  the  excess  of  9*8  in  0532;  hence  this  answer  is  probably  correct. 

Rule.  —  Subtract  the  excess  of  9'«  in  the  subtrahend  from  tJiat 
in  the  minuend,  casting  out  the  9^8  from  the  remainder.  Compare 
the  excess  with  tlie  excess  in  the  answer, 

KoTK.  —  If  tho  exctiss  of  9*8  in  the  subtrahend  Is  greater  than  that  In  the  minnend,  add 
one  9  to  the  minuend  and  then  subtract. 

94.  To  prove  subtraction  by  casting  out  ll's. 

1.   Prove  by  excess  of  ll's  that  15964  -  9432  =  6532. 

OPERATION.  Solution.  —  In  the  minuend  the 

sum    of   the  digits   in   the   odd 

15964,14  —11  =  3(4-11)   places   is  14,  and    in   the    even 

9432,    6(4-11)— 12  =  5  places  11  (§  78).    Their  difference 

P-'OQ  Q  *8  '^'    ^^  ^^®  subtrahend,  the  sum 

^^"^^^  ^f  ^^^'       of  the  dij?its  in  the  odd  places  is  6, 

7  (-}-  11)—  9  =  9,  exc.  and  in  the  even  places  12.     Since 

12  cannot  be  subtracted  from  6, 
we  add  one  11  to  6,  making  17,  and  17  -  12  =  6  We  subtract  the 
results,  but  since  6  cannot  be  subtracted  from  3,  we  add  one  11  to  the 
3,  making  14  ;  14  —  6  =  9,  the  excess  of  U's.  In  the  same  way,  we  find 
the  excess  of  IPs  in  0532  to  bo  0.  Since  the  two  excesses  of  11  agree, 
the  answer  is  probably  correct. 

Rule.  —  Subtract  the  excess  oflVs  in  the  subtraJiend  from  thaJt 
in  the  minuend,  casting  out  the  IVs  from  the  remainder,  Comr 
2)are  the  excess  with  the  excess  in  the  answer, 

95.  To  prove  subtraction  by  summing  up  the  digits. 

1.  Prove  by  summing  up  the  digits  that  15964—9432=6532. 

Solution,  —  Summin<]j  the  digits  in  the  subtra- 
hend and  remainder,  we  have  9  +  4-f3-f2=  18; 
sum  of  digits  9;  9  +  6  +  6  +  3+2=  25;  sum  of 
digits  7,  the  Jinal  digit  (§  79).  Summing  up  the 
digits  in  the  minuend,  1+5  +  9  +  0  +  4  =  25;  final 
digit  7.    Hence  the  answer  is  probably  correct. 


OPERATION. 
15964,     7,  final  digit. 

9432  )  „ 

?•  7,  final  digit. 

6532) 
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KuLE.  —  Sum  up  the  digits  in  the  subtrahend  and  remainder 
and  find  the  final  digit.  Compare  this  with  the  final  digit  found 
by  summing  up  tJie  digits  in  tJie  minuend. 

Examples  in  Preceding  Rules. 

96.  1.  The  population  of  New  York  City  in  1880  was 
1206299 ;  in  1890  it  was  1515301.  What  was  the  increase  in 
the  ten  years? 

2.  The  first  newspaper  published  in  America  was  issued 
in  Boston  in  1704.  How  long  was  that  before  the  death  of 
Benjamin  Franklin,  which  occurred  in  1790  ? 

3.  A  merchant  sold  a  quantity  of  goods  for  $  42017.75,  which 
was  $  1675,36  more  than  they  cost  him.  How  much  did  they 
cost  him? 

4.  A  speculator  having  57436  acres  of  land  sold  at  different 
times  53.75  acres  and  1765.25  acres.  How  much  land  has  he 
remaining  ? 

6.  The  exports  of  the  United  States  for  the  year  ending 
June  30,  1894,  amounted  to  $  972861378,  and  the  imports  to 
9  740730293.     How  much  did  the  exports  exceed  the  imports  ? 

6.  For  the  year  ending  June  30,  1894,  the  total  coinage  in 
the  United  States  was  $  106216730.06 ;  the  gold  amounted  to 
$99474912.50,  and  the  bronze  and  nickel  to  *  716919.26. 
What  was  the  value  of  the  silver  coinage  ? 

7.  The  mineral  products  of  the  United  States  in  1892 
amounted  to  $688687712;  in  1893  to  $609817495.  What 
was  the  decrease  in  value  ? 

8.  The  area  of  the  Chinese  Empire  in  1890  was  4291391 
square  miles,  and  that  of  the  United  States  3668167  square 
miles ;  the  estimated  population  of  the  former  was  361500000, 
and  that  of  the  latter  was  62979766.  What  was  the  difference 
in  area  and  in  population  ? 

9.  The  population  of  New  York  in  1890  was  1515301,  and 
that  of  Boston  448477.  How  many  more  inhabitants  had 
New  York  than  Boston? 
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10.  The  total  length  of  railroads  in  operation  in  the  United 
States  in  1859  was  27857  miles ;  in  1893  it  was  173433  miles. 
What  was  the  increase  from  1859  to  1893  ? 

11.  The  South  Atlantic  division  of  the  United  States  in 
1890  had  a  population  of  8857920,  the  Western  division  3027613, 
and  the  North  Atlantic  division  17401545.  How  many  more 
inhabitants  had  the  last  named  division  than  the  other  two  ? 

12.  Having  $20000,  I  wish  to  know  how  much  more  I 
must  accumulate  to  be  able  to  purchase  a  piece  of  property 
worth  f  23470,  and  have  f  5400  left  ? 

13.  A  has  9  3540.75  more  than  B,  and  $  1200.63  less  than 
C,  who  has  $20600;  D  has  as  much  as  A  and  B  together. 
How  much  has  D  ? 

14.  The  revenue  of  the  United  States  Post  OfiRce  in  1873 
was  $22996742;  in  1883,  $45508693;  in  1893,  $75896933. 
How  much  did  it  increase  from  1873  to  1883  ?  From  1883  to 
1893?    From  1873  to  1893  ? 

16.   From  4568  take  1320.12  +  275.39  +  320.36. 

16.  Subtract  1200.9  +  750.6  +  96.3  from  4756  +  576  +  140 
+  84.9. 

17.  A  man  bought  four  city  lots,  for  which  he  paid  $15760. 
For  the  first  he  paid  $  2175,  for  the  second  $  3794,  and  for  the 
third  $  4587.     How  much  did  he  pay  for  the  fourth  ? 

18.  John  Wise  owns  property  to  the  amount  of  $  75860,  of 
which  he  has  $  45640  invested  in  real  estate,  $  25175  in  per- 
sonal propei-ty,  and  the  remainder  he  has  in  bank.  How  much 
has  he  in  bank  ? 

19.  Lake  Huron  contains  23800  square  miles.  By  how 
much  does  it  exceed  the  area  of  Lake  Erie  and  Lake  Ontario, 
the  former  containing  9960  square  miles,  and  the  latter  7240 
square  miles  ? 

20.  In  the  years  1881  to  1890,  there  arrived  in  the  United 
States  5246613  immigrants,  of  whom  655381  came  from  Ire- 
land, and  1452952  from  Germany.  How  many  came  from 
other  countries  ? 
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21.  A  speculator  gained  $  5760,  and  afterward  lost  $2746; 
at  another  time  he  gained  $  3575,  and  then  lost  $  4632.  How 
much  did  his  gains  exceed  his  losses  ? 

22.  The  North  Atlantic  division  of  the  United  States  has 
an  area  of  168665  square  miles,  the  South  Atlantic  division, 
282535  square  miles,  and  the  Western  division,  1187535  square 
miles.  How  much  greater  is  the  area  of  the  Western  division 
than  of  the  North  and  South  Atlantic  divisions  combined  ? 

23.  The  total  expenditure  of  the  United  States  Post 
Office  Department  for  1893  was  $81074104,  of  which  sum 
$41170054  was  paid  for  the  transportation  of  the  mail,  and 
$  15862621  as  compensation  to  postmasters.  How  much  was 
expended  for  all  other  purposes  ? 

24.  The  gold  coinage  of  the  United  States  Mint  for  the 
year  ending  June  30,  1894,  was  as  follows:  double  eagles, 
$  55143640 ;  eagles,  $  34968840 ;  half  eagles,  $  9287180 ;  quarter 
eagles,  $75252.50.  The  silver  coinage  for  the  same  year 
was :  standard  dollars,  $  758 ;  half  dollars,  $  3363327 ;  quarter 
dollars,  $2296595;  dimes,  $364218.30.  How  much  did  the 
gold  coinage  exceed  the  silver  in  value? 

25.  The  population  of  the  United  States  in  1890  Was  aa 
follows :  total,  62622250 ;  North  Atlantic  division,  17401545 ; 
South  Atlantic  division,  8857920;  North  Central  division, 
22362279;  South  Central  division,  10972893.  What  was  the 
population  of  the  Western  division? 

26.  What  number  must  be  added  to  32456.0927  to  make 
56534? 

27.  If  I  subtract  15213.06  from  325020.1,  and  then  add 
36211,  how  much  more  must  I  add  to  make  1000000  ? 

28.  A  business  man  had  on  deposit  in  a  bank  $  1250,  and  on 
Monday  he  deposited  $350  more.  Tuesday  he  drew  out  by 
check  $1177,  Wednesday  morning  deposited  $2677.87,  and 
drew  out  by  check  in  the  afternoon  $  165.72.  Thursday  he 
deposited  $  3247,  and  Saturday  drew  out  $  5640  to  pay  salaries 
and  bills.     What  amount  was  still  on  deposit  in  the  bank  ? 
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MULTIPLICATION. 


97.  HultipUcation  is  the  process  of  taking  one  of  two  given 
Quiubera  iCa  many  times  as  there  are  units  in  the  other. 

98.  The  Multiplicand  is  the  number  to  be  multiplied. 

99.  The  Multiplier  is  the  number  by  which  to  multiply,  and 
shows  how  many  times  the  multiplicand  ia  to  lie  taken. 

100.  The  Prodnn  is  the  result  obtained  by  the  process  of 
multiplication. 

101.  The  Factors  are  the  multiplicand  and  multiplier. 

Notts.  — 1,  Fucton  ITS  pnidawr),  ind  the  mulUiillcuid  ud  mnlllpller  m  eilM 
bcUtn  bccHQH  they  produce  the  product. 

i.  MulUpIlcutlaD  it  ■  sboit  inethoil  of  perfOrmtng  iddLtlan  vbcD  Ibe  namlwn  to  be 
added  wv  eqitel. 

S.  TbemuUiplltrliiilnyi  rtgnrardtt  >n  dbttracl  number  ;  but  ellhcr  bctor  of  ■ 
product  n»/  be  ntfd  ■balnctl)',  even  If  It  !■  CDncnla ;  henoe,  etlher  Aictar  mi/  be  nsad  u 

4.  The  trae  muMplkiiid,  faoneTer.  )■  the  Ihclor  tbst  Tonld  b«  nied  u  one  of  the  sqiul 

pirti  In  addition. 

102.  It  is  evident  that  5  units  taken  3  times  is  the  same  as 
3  units  taken  5  times  ;  and  the  same  ia  true  of  any  two  factors. 
The  method  of  multiplying  when  either  factor  contains  more 
than  one  figure,  depends  u])on  the  following  principles ; 

Principles.  —  I.  Tlie  product  of  any  two  factors  ia  the  same, 
Khkhever  is  used  as  the  muUiptier.  If  units  are  multiplied  by 
units,  the  product  will  be  units;  if  tens  are  multiplied  by  units, 
or  vnita  by  tens,  the  product  will  be  tens;  and  so  on. 

II.  If  either  factor  is  units  of  the  first  order,  tlte  product  kUI 
be  units  of  the  same  oi-der  as  tlie  other  factor. 

III.  If  the  units  of  each  order  in  the  multiplicand  are  taken 
separately  aa  many  times  as  tliere  are  units  in  tlie  muUiplier,  the 


MULTIPLICATION  TABLE. 


49 


9um  of  ifie  products  must  be  equal  to  the  entire  product  of  the 
giv&i  numbers.     (Ax.  10). 


MULTIPLICATIOK  TABLE. 


Jli 

J 

4 

5 

6 

7 

^ 

9 

10 

11  18 

18 

14 

16 

16 

17 

18 

19  90| 

94 

~ 

■? 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

a  6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

39 

42 

45 

48 

51 

54 

57 

60 

4  8 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

68 

72 

76 

80 

SIO 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

4  12 

18 

24 

30 

30 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

102 

108 

114 

120 

7  14 

21 

28 

35 

42 

49 

56 

63 

70 

77 

84 

91 

98 

105 

112 

119 

126 

133 

140 

116 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

136 

144 

152 

160 

9  18 

27 

36 

45 

54 

63 

72 

81 

90 

99 

108 

117 

126 

135 

144 

153 

162 

171 

180 

10  20 

30,40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180190 

200 

1122 

3344 

55 

66 

77 

88 

99 

110 

121 

132 

143 

154 

165 

176 

187 

198  209 

220 

U24 

3648 

60 

72 

84 

96 

108 

120 

132 

144 

166 

168 

180 

192  204 

216 

228 

240 

19  26 

39  52 

65 

78 

91 

104 

117 

130 

143 

156 

169 

182 

195 

208  221 

234 

247 

260 

14  28  42|56 

70 

84 

98 

112 

126 

140 

154 

168 

182 

196 

210 

224  238 

252 

266 

280 

18  30  45160 

75 

90 

105 

120 

135 

150 

165 

180 

195 

210 

225 

240 

255 

270 

285 

300 

1«^2 

48  64 

80 

96 

112 

128 

144 

160 

176 

192  208 

224 

240 

256 

272  288 

304 

320 

n^ 

51 

68 

85 

102 

119 

136 

153 

170 

187 

204  221 

238 

255 

272 

289306 

323 

340 

11  36 

54 

72 

90 

108 

126 

144 

162 

180 

198 

216  234 

252 

270 

288 

306 

324 

342 

360 

19  38 

57 

76 

95 

114 

133  152 

171 

190 

209 

228  247 

266 

285 

304 

323 

342 

361 

380 

99  10 

60  80 

100 

120 

140160 

180 

200 

220 

240*260 

280 

300 

320 

340 

360 

380 

400 

Examples. 


108.   1.  Multiply  346  by  8. 


OPBRATION. 

MumpUcMd,       346 

Maltipiler,  8 

Prodnet, 


2768 


Solution.  —  In  this  example  it  is  required  to 
take  346  eight  times.  If  we  take  the  units  of  each 
order  8  times,  we  shall  take  the  entire  number 
8  times  (§  102,  III).  Therefore,  commencing  at 
the  right  hand,  we  say :  8  times  6  units  are  48 
units,  or  4  tens  and  8  units ;  writing  the  8  units 
in  the  product  in  units'  place,  we  reserve  the  4  tens  to  add  to  the  next 
product ;  8  tiroes  4  tens  are  32  tens,  and  the  4  tens  reserved  in  the  last 
product  added  are  36  tens,  or  3  hundreds  and  6  tens ;  we  write  the  6  tens 
in  the  product  in  tens*  place,  and  reserve  the  3  hundreds  to  add  to  the  next 
product ;  8  times  3  hundreds  are  24  hundreds,  and  the  3  hundreds  re- 
served in  the  last  product  added  are  27  hundreds,  which  being  written  in 
the  product,  with  each  figure  in  the  place  of  its  oider,  gives  for  the  entire 
product,  2768. 

BOJl.  JfEW  HIGHER  AB.  —  4 
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2.  Multiply  34.6  by  8. 

oPBBATioN.  Solution. — Proceeding  as  in  Ex.1,  we  find  that  Stimea 

^  g  0  lentha  are  48  tenths,  or  4  units  and  8  tenths.     We  write 

'„  the  8  tenths  in  Ibe  tenths'  place  in  the  product,  and  reserva 

the  4  units  to  add  to  Uie  next  product ;  8  times  4  units  are 

27C.8  Ana.  32  units,  and  the  4  units  reserved  are  30  nnits,  or  3  tens 
and  0  units.     We  write  the  6  in  units'  place,  and  reserve 
the  3  tens ;  8  times  3  tens  are  24  tens  and  3  tens  reserved  are  87  tens ; 
hence  the  entire  product  is  270.8. 

3.  Multiply  758  by  346. 

OPERATIOM.  SoLUTio^c,  —  In  tUs  exatDple  tLe  multiplicand  Is  to  be 

7f)8  taken  340  times,  wliich  mn;  be  done  by  taking  tbe  multi- 

n.f,  pllcaiid  separately  as  many  times  aa  there  are  units ex- 

•""  pressed  by  each  figure  o(  tbe  multiplier.     758  multiplied 

4548  by  0  unlU  is  1548  units  (§  1U2.  II);  758  multiplied  by  4 

3032  ""*  ^  *^  **^  (5  "^'  ^'J'  '^'''*^''  ""^  ""**  "'"•  '•*  '''''" 

tmj.  est  order  In  tens'  place,  or  under  tbe  figure  used  as  a 

_I multiplier ;  758  multiplied  by  3  hundreds  is  2271  Aundred* 

2U2268  Ana.    (5  102,  II),  which  we  write  with  its  lowest  order  in  hun- 
dreds' place.    Since  the  sum  of  these  products  must  be  the 
entire  product  of  the  piven  numbers  (§  102,  HI),  we  add  lie  resnllB,  and 
obtain  the  product,  20a208. 

Nona.  — I.  When  the  iniilll|>lt«T  wnliins  (wo  or  mora  lenna,  the  HTer*]  resultii 
obtslnnl  by  mullliitylng  by  web  Mrm  lire  ollvl  parUal  prmlneU. 

I.  WbMi  there  sn  cl|iben  betirnn  Ihe  ttgnlflouit  tiniiB  of  the  mohlpHand.  pui  ont 
Uiein,  iDd  muluply  by  Ihe  elgnlfiaint  lenns  odIj. 

Bulb.  —  I.  Write  the  mwUiplier  under  the  mvUiplicand,  placing 
units  of  the  same  order  vnder  each  oilier. 

II.  Multiply  the  muUiplicand  by  each  term  of  the  multiplier 
successively,  beginning  icith  the  rigid-hand  term,  and  rcrUe  the 

first  term,  of  each  partial  product  under  the  term  of  the  multi- 
plier used,  writing  down  and  carrifin/f  ai  in  a-idition. 

III.  Add  the  partial  produds.  If  the  multiplicand  contains 
decimal  places,  point  off  tlm  same  number  in  tlie  product,  aitd  the 
result  wiU  be  tlie  true  product. 

et  when  botli  mqlUpU- 
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Multiply : 

8.  314.16  by  175.  11.  1560.7  by  3094. 

9.  40930  by  779.  12.  281216  by  978. 
10.  46481  by  936.  13.  302.04  by  4267. 

14.  What  will  be  the  cost  of  building  276  miles  of  railroad 
at  f  61320  per  mile  ? 

15.  If  125  tons  of  iron  rail  are  required  for  one  mile  of  rail- 
roady  how  many  tons  will  be  required  for  196  miles  ? 

16.  A  tailor  bought  36  pieces  of  broadcloth,  each  piece  con- 
taining 47  yards,  at  $  7  a  yard.  How  much  did  he  pay  for  the 
whole  ?  ^ 

17.  The  salary  of  a  member  of  Congress  is  $  5000  a  year, 
and  in  the  Fifty-fourth  Congress,  ending  March  4, 1897,  there 
were  356  members.     How  much  did  they  all  receive  ? 

18.  At  a  profit  of  9 .15  on  a  doUsir,  how  much  money  would 
I  make  on  goods  costing  $  759  ? 

19.  A  teacher  receives  a  discount  on  books  equal  to  .25  of 
their  value.  What  will  be  his  bill  for  two  books  listed  at 
$1.00  and  $2.00  respectively? 

NoTX.  —  Per  cent  la  another  Dame  for  hundredths  and  its  sign  is  %.  Instead  of  sajrlng 
.25  we  might  say  26 /Mr  cent  or  2^%. 

20.  At  the  rate  of  $  .06  for  every  dollar,  how  much  interest 
should  be  paid  on  $  500  loaned  for  1  year  ?  How  much  should 
be  paid  for  the  same  sum  loaned  for  5  years  ? 

21.  One  pound  (£)  sterling  is  worth  $  4.8665.  If  I  wish  to 
buy  £225  English  money,  how  much  United  States  money  must 
I  give  in  exchange  ? 

22.  The  United  States  mints,  in  the  year  ending  June,  1894, 
coined  2757182  double  eagles  ($20),  3496884  eagles  ($10), 
1857436  half  eagles  ($  5),  30101  quarter  eagles  ($  2.50),  758 
standard  dollars,  6726654  half  dollars,  9186380  quarter  dollars, 
3642183  dimes,  9226071  five^jent  pieces,  25561571  one-cent 
pieces.     What  was  the  total  value  of  that  year's  coinage  ? 

23.  A  man  having  £2000  wishes  to  exchange  it  for  Uiiited 
States  money.     How  much  will  he  receive  ? 
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21.  What  must  be  paid  for  insuring  a  house  worth  $9000, 
if  the  rate  charged  by  the  insurance  company  is  $  .02  on  $  1  ? 

25.  If  I  buy  65  shares  of  a  stock  at  $  86  a  share,  and  sell  35 
shares  at  $  80  a  share,  and  30  shares  at  $  110  a  share,  do  I 
gain  or  lose,  and  how  much  ? 

26.  Mr.  Armstrong  bought  a  house  for  $  15760,  and  gained 
25%  of  its  cost  by  selling  it.     For  what  price  did  he  sell  it  ? 

27.  At  $  110  a  share,  what  will  be  the  cost  of  50  shares  of 
railroad  stock  ?  If  a  broker  charges  me  9 .001^  on  a  dollar 
for  buying  this  stock,  how  much  must  I  pay  him  for  his 
services  ? 

28.  The  circumference  of  every  circle  is  3.1416  times  the 
diameter.  Find  the  circumference  of  a  circle  whose  diameter 
is  26  inches. 

POWSRS  OF  NUMBERS. 

104.  A  Power  is  the  product  arising  from  multiplying  a 
number  by  itself  or  using  it  a  certain  number  of  times  as 
a  factor.    Thus,  8  is  a  power  of  2,  because  2x2x2  =  8. 

105.  A  Root  is  a  factor  repeated  to  produce  a  power.  Thus, 
2  is  a  root  of  8. 

106.  An  Index  or  Exponent  is  a  figure  indicating  the  power 
to  which  a  number  is  to  be  raised.  Thus,  2x2x2  may  be 
indicated  by  2',  and  the  small  figure  3  placed  above  and  to  the 
right  of  the  2  is  the  index  or  exponent. 

107.  The  First  Power  of  any  number  is  the  number  itself, 
or  the  root.     Thus,  2,  3,  5,  are  first  powers  or  roots. 

108.  The  Second  Power,  or  Square,  of  a  number  is  the  prod- 
uct arising  from  using  the  number  two  times  as  a  factor. 
Thus,  2«  =  2  X  2  =  4;  5«  =  5  x  5  =  25, 

109.  The  Third  Power,  or  Cube,  of  a  number  is  the  product 
arising  from  using  the  number  three  times  as  a  factor.  Thus, 
4' =  4x4x4  =  64. 

NoTS.  —The  higher  powers  ore  named  In  their  order  m  fourth  power,  fifth  ptncer, 
iiwth  power,  etc. 
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110.  The  process  of  producing  any  required  power  by  multi- 
plication is  called  Involution. 

Examples. 

111.  To  find  any  power  of  a  number. 

1.  What  is  the  third  power  or  cube  of  23  ? 

OPERATION.  Solution.  —  We  multiply  23  by  23, 

23  X  23  X  23  =  12167  AiiS    ^^^  ^^®  product  by  23 ;  and,  since  23 

has  been  taken  3  times  as  a  factor,  the 
last  product,  12167,  must  be  the  third  power  or  cube  of  23. 

Rule.  —  Multiply  tJie  number  by  itself  as  many  tim£Sf  less  1, 
as  there  are  units  in  the  exponent  of  the  required  power. 

Find: 

2.  The  square  of  72.  5.  The  seventh  power  of  7. 

3.  The  fifth  power  of  12.  6.  The  fourth  power  of  19. 

4.  The  cube  of  25.  7.  The  sixth  power  of  3. 

Find  the  powers  indicated  by  the  following  expressions : 

8.  9».       10.     181       12.   7861         14.   100^.         16.   251*. 

9.  11».       11.    125*.       13.     94*.         15.      17».         17.    110«. 
18.   Multiply  8^  by  15*  19.     :Multiply  2o^  by  3. 

SURFACES  AND  VOLUMES. 

112.  A  Surface  is  the  bounding  or  limiting  part  of  a  body. 
Every  surface  has  two  dimensions,  —  length  and  breadth. 

Note.  — Sarfrces  are  either  plane  (flat)  or  curved, 

113.  The  Area  of  a  surface  is  its  contents  reckoned  in  square 
units. 

114.  A  Rectang^le  is  a  four-sided  plane  figure  having  its 


BSOTAXOLH. 

opposite  sides  parallel  and  whose  angles  are  all  right  angles, 
that  is,  angles  of  90^ 
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116.  A  Triangle  is  a  plane  figure  bounded  by  three  sides  and 
having  three  angles. 

Its  Base  is  the  side  on  which  it  is  supposed  to  stand. 
Its  Altitude  is  a  line  drawn  from  the  angle  opposite  the  base  at  right 
angles  to  the  base. 


Tbiakouk. 


oxnfene. 


ClBCLB. 


116.  A  Circle  is  a  plane  figure  bounded  by 
a  curved  line  called  the  Circumference,  every 
point  of  which  is  equally  distant  from  a 
point  within  called  the  Center. 

The  Diameter  is  a  line  passing  through  the  center 
to  the  circumference  on  both  sides. 

The  Radius  is  a  line  from  the  center  to  any  point 
in  the  circumference  and  is  equal  to  one  half  the 
diameter. 


"Sorx, —For  other  pUine  Burftces  see  pages  470-488. 

117.  Rules,  —  I.  Tojiiid  the  area  of  a  rectangle,  multiply  the 
number  of  units  in  length  by  tlie  number  of  like  units  in  width, 
Tlie  product  will  be  the  number  of  square  units  in  area, 

II.  To  find  the  area  of  a  triangle,  multiply  the  base  by  one 
half  the  altitude, 

III.  To  find  the  area  of  a  circle,  multiply  tlie  square  of  tJie 
diameter  by  .7854. 

IV.  To  find  the  circumference  of  a  circle,  multiply  tJie  diameter 
by  3.1416. 

118.  A  Solid  is  a  figure  or  a  portion  of  space  that  has 
three  dimensions,  —  length,  breadth,  and  thickness  (height  or 
depth). 

119.  The  Volume  of  a  solid  is  its  contents  reckoned  in  cubic 
units. 
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120.  Rule.  —  To  find  the  volume  of  any  rectangular  solid, 
multiply  the  number  of  units  in  tJie  length  by  the  number  of  like 
units  in  tJte  breadth,  and  tliis  product  by  tfie  number  of  like  units 
in  Uie  thickness;  tJuU  is,  find  Uieprodu4st  of  the  length,  breadth, 
and  tJiickness. 

Szamples. 

121.  1.  How  many  square  yards  of  carpet  will  be  required 
to  cover  a  floor  that  is  5  yards  long  and  3  yards  wide,  and  how 
much  will  it  cost  at  $1.75  a  yard  ? 

2.  My  garden  has  two  grass  plats;  one  is  30  feet  square, 
and  the  other  is  20  feet  long  and  40  feet  wide.  AVhich  is  the 
larger,  and  how  many  more  square  feet  does  it  contain  ? 

Find  the  areas  of  the  following  triangles : 

3.  Base  7  feet,  altitude  25  feet. 

4.  Base  25  feet,  altitude  7  feet. 

5.  Altitude  36  feet,  base  28.5  feet. 

6.  What  will  be  the  cost  of  a  triangular  piece  of  land  whose 
base  is  15  rods  and  altitude  10  rods  at  $  65.75  a  rod  ? 

Find  the  circumference  of  the  following  circles : 

7.  Diameter  10  inches.  9.   Diameter  26  feet. 

8.  Diameter  3  yards.  10.   Diameter  201  yards. 

11.  What  is  the  circumference  of  a  wheel  5  feet  in  diameter  ? 

Find  the  areas  of  the  following  circles : 

12.  Diameter  16  inches.  14.   Diameter  250  inches. 

13.  Diameter  364  feet.  15.   Diameter  375  feet. 

16.  What  is  the  area  of  a  circular  flower  bed  23  feet  in 
diameter  ? 

17.  How  many  cubic  feet  of  wood  are  there  in  a  column  of 
wood  which  is  25  feet  long,  15  feet  wide,  and  10  feet  thick  ? 

18.  How  many  cubic  feet  of  earth  must  be  removed  in  dig- 
ging an  excavation  which  is  275  feet  long,  315  feet  wide,  and 
108  feet  deep  ? 

19.  Find  the  contents  in  cubic  inches  of  a  box  12.5  inches 
long,  14  inches  wide,  and  7  inches  high. 


I 
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CTNERAL  PRinCIPLBS  OF  MULTIPLICATIOH. 

122.  There  are  certain  general  principles  of  multiplication, 
of  use  in  various  contractions  and  applications.  These  relate, 
1st,  to  changing  the  factors  by  addition  or  subtraction ;  2d,  to 
the  use  of  successive  factors  in  continued  multiplication. 

123.  Changing  the  terms  by  addition  or  subtraction. 

The  product  equals  either  factor  taken  as  many  times  as  there  are  units 
in  the  other  factor  (§  102,  I).    Hence  we  have  the  following  principles : 

Principles. — L  Adding  1  to  either  factory  adds  the  (Aher 
factor  to  the  product, 

II.  Subtracting  1  from  either  factor,  subtracts  the  other  fa/ctor 
from  the  product.     Hence, 

III.  Adding  any  number  to  eiUier  factor,  increases  tJie  prod- 
uct by  as  many  times  the  other  factor  as  there  are  units  in  tJie 
number  added;  and  subtracting  any  number  from  either  fac- 
tor, DIMINISHES  tlie  product  by  as  many  times  tlie  other  factor  as 
there  are  units  in  tlie  number  8ubtra>cted, 

124L  A  Continued  Multiplication  is  the  process  of  finding  the 
product  of  three  or  more  factors,  by  multiplying  the  first  by 
the  second,  this  result  by  the  third,  and  so  on. 

If  any  number,  as  17,  is  multiplied  by  any  other  number,  as  3,  the 
result  will  be  3  times  17  ;  if  this  result  is  multiplied  by  another  number, 
as  6,  the  new  product  will  be  5  times  3  times  17,  which  is  evidently  15 
times  17.    Hence,  17  x  3  x  6  =  17  x  15,  etc. 

Since  5  times  3  =  3  times  5  (§  102,  I),  17  multiplied  by  5  times 
3  =  17  multiplied  by  3  times  6 ;  or  17  x  3  x  5  =  17  x  5  x  3.  Hence, 
the  product  is  not  changed  by  changing  the  orders  of  the  factors. 

125.  These  principles  may  be  stated  as  follows : 

Principles.  — I.  If  a  given  number  is  multiplied  by  several 
factors  in  continued  multiplication,  the  result  will  be  the  same  as 
if  tlie  given  number  were  multiplied  by  the  product  of  the  several 
multipliers, 

II.  The  pwduct  of  several  factors  in  continued  multiplication 
will  be  the  same,  in  whalever  order  the  fa/cU)rs  are  taken. 
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196.  A  Composite  Ntunber  is  one  that  may  be  produced  by 
multiplying  together  two  or  more  numbers.  Thus,  18  is 
a  composite  number^  since  6  x  3  =  18 ;  or,  9  x  2  =  18 ;  or, 
3x3x2  =  18. 

127.  The  Component  Factors  of  a  number  are  the  several 
numbers  whose  product  is  the  given  number.  Thus,  the  com- 
X>onent  factors  of  20  are  10  and  2,  (10  x  2  =  20) ;  or,  4  and  5, 
(4  X  5  =  20) ;  or,  2  and  2  and  5,  (2  X  2  X  5  =20). 

Vcrrm. — Tbe  papil  mnst  not  confoand  the  fadort  with  th«  parts  of  a  namber. 
Thna,  the  factors  of  which  18  is  oomposod  are  4  and  8,  (4  x8=>1S) ;  while  the  jmiW«  of 
which  19isooiDpoaedare8aiid4,  (S  +  4=>18);  or,  lOaodS,  (10  +  2»18),  etc  The/a«<or« 
are  mviiiplied,  while  the  parts  are  added,  to  produce  the  namber. 

Szamplea. 

128.  When  the  multiplier  is  a  composite  namber. 
1.  Multiply  327  by  35. 

OPERATION. 

327 

7  SoLUTioir.  —  The  factors  of  35  are  7  and  6.    We  multi- 

oooQ  P^y  ^7  by  7,  and  this  result  by  5,  and  obtain  11445,  which 

must  be  the  same  as  the  product  of  327  by  35  (§  125,  1). 
5 


11445  Arts. 

Bulk.  —  I.  Separate  the  aymposite  number  into  two  or  more 
factors, 

II.  Multiply  the  multiplicand  by  one  of  these  factors,  and 
die  product  by  another,  and  so  on  until  all  tJie  foLctors  have  been 
used  successively;  the  last  product  will  be  tJie  product  required. 

'Scrrm. — The  Ihetora  may  be  used  in  an/  order  that  ij  most  oonvenlent  (S  125,  II). 

Find  the  products : 

2.  736x24.  4.   27865x84. 

3.  538x56.  5.   7856x144. 

6.  If  a  river  discharges  17740872.5  cubic  feet  of  water  in 
one  hour,  how  much  will  it  discharge  in  96  hours  ? 
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120.  Wben  the  multiplier  is  11. 
1.  Multiply  16439  by  11. 


16439 

11 

16439 
16439 
180829 


16439 


SoLUTioK.  —  If  ne  multlplj'  bf  the  regu- 
lar rule  we  notice  thaX  the  second  partial 
product  1b  the  same  as  the  first,  eicept  that 
each  term  is  one  place  further  to  the  left; 
Ans,  and  we  note  that  the  totid  product  is  formed 
by  adding  each  term  of  the  multiplicand  to 
the  one  preceding.  11ius,  (0  +  9  =  9)  and 
we  write  9  for  the  unit^ ;  (Q  -f-  :i  =  12),  we 
writes;  (3 -f  4  =  T  and  1  carried  =  8),  wn  write  8 ;  (4  +  t(  =  10),wewrit« 
0;  (5+  1  =  7  and  1  =  8),  we  write  8;  (1  +  0=  1),  we  write  1,  and  the 
answer  is  IS0829. 

BuLE.  —  Beghmiitg  with  units,  add  each  term  of  Ute  mvUipii- 
cand  to  the  one  preceding,  carrying  aa  in  the  regular  rule. 
Multiply  by  11 : 

2.  1496.  4.   62129.  6.   101209. 

3.  1876.  6.   69872.  7.   315684. 
130.  Wheo  the  moltiplier  is  a  unit  of  any  order. 

1.    Multiply  365  by  1000. 


Soi-u' 


-If    B 


quenlly  the  value  of  the  whole  number  ia  increased  tenfold  (§  52,  III), 
If  two  ciphers  arc  annexed,  each  tenu  is  removed  tieo  places  toward  the 
left,  and  the  value  of  the  number  is  increased  one  hundredfold  ;  and 
every  additional  cipher  increases  the  value  tenfold. 

Rule. — Annez  as  many  ciphers  to  the  muUipUcand  as  there 
are  ciplwrs  in  tlie  muUiplier. 
Multiply : 

2.  364  by  100. 

3.  248  by  1000. 

4.  22913  by  10000. 


6.   16020  by  10000. 

6.  23999  by  100000. 

7.  2056  by  1000000. 


8.  What  is  the  cost  of  1000  bead  of  cattle  at  $  60  each  ? 

9.  Multiply  one  million  by  one  bundred  thousand. 

10.   How  many  lettera  will  there  be  on  100  ebeets,  if  each 
sheet  liaa  100  lines,  and  each  line  100  letters  ? 
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131.   When  there  are  ciphers  at  the  right  hand  of  one  or  both  of 
thefactom. 

1.   Multiply  7200  by  40. 

OPERATION.  Solution. — The  multiplicand,  factored,  is  equal  to 

JO  72  X  100 ;  the  multiplier,  factored,  is  equal  to  4  x  10 ; 

40 


and  as  these  factors  takeu  iii  any  order  will  give  the 
same  product  (§  125,  II),  we  fir^t  multiply  72  by  4, 


288000  Ans.   then  this  product  by  100  by  annexing  two  ciphiirB,  and 

this  product  by  ten  by  annexing  one  cipher. 

RinLE. — Multiply  the  aignificant  terms  of  the  muUiplicaiid  by 
those  of  the  muUipliery  and  to  tJie  product  annex  as  niany  ciphers 
as  there  are  cipliers  on  the  riglU  of  both  factors. 

Find  the  products  of : 

2.  740  X  300.  6.  4007000  x  300.2. 

3.  36000  X  240.  6.   300200  x  640. 

4.  20700  X  500.  7.   2510000  x  3.56. 

8.  At  the  rate  of  9  5  on  $  1000,  what  will  be  the  tax  on  a 
piece  of  property  valued  at  $  56000  ? 

9.  A  salesman  sells  5000  pieces  of  goods,  each  containing 
40  yards,  at  $  1.50  a  yard.     What  is  the  amount  of  his  sales  ? 

10.  A  dealer  sold  300  horses  at  an  average  price  of  $  200 
each.    How  much  did  he  receive  for  them  ? 

11.  A  certain  state,  having  an  area  of  41000  square  miles, 
has  an  average  of  90  inhabitants  to  the  square  mile.  What  is 
the  populaticm  of  the  state  ? 

132.  When  one  part  of  the  multiplier  is  a  factor  of  another 
part. 

1.   Multiply  4739  by  357. 


OPBRATION. 

4739 
357 


33173   Prod,  by  7  unite. 
1 65865      Prod,  by  86  tons. 

1691823  Ans. 


Solution. — In  this  example,  7.  one  part 
of  the  multiplier,  is  a  factor  of  36,  the  other 
part.  We  first  find,  in  the  usual  manner,  the 
product  of  the  multiplicand  by  the  7  units ; 
multiplying  this  product  by  5,  and  writing  the 
first  figure  of  the  result  in  tens'  place,  we 
obtain  the  product  of  the  multiplicand  by 
7  X  5  X  10  =  36  tens ;  and  the  sum  of  these 
two  partial  products,  1601823,  must  be  the 
whole  product  required. 


( 
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2.   Multiply  58327  by  21318. 


OPEUATION. 

58327 
21318 

174981        Prod,  by  8  hondrado. 
1049886  Prod,  by  18  anita. 
1224867  Prod,  by  21  thoaaando. 

1243414986  Ana. 


Solution. — The  3  hundreds  is  a 

factor  of  18,  the  part  on  the  right  of  it, 

and  also  of  21,  the  part  on  the  left  of 

it.    We  first  multiply  by  3,  writing  the 

first  figure  iu  hundreds^  place,  because 

the  3  represents  hundreds ;  multiplying 

this  product  by  0,  and  writmg  the  first 

figure  iu  units'  place,  we  obtain  the 

pixxluct  of  the  multiplicand  by  3x6= 

18  units;  multiplyiug  the  first  partial 

product  by  7,  and  writing  the  first  figure  iu  thousands*  place,  we  obtain 

the  product  of  the  multiplicand  by  7  x  3  x  1000  =  *21  thousands ;  the  sum 

of  these  three  partial  products  is  the  entire  product. 

3.   Multiply  5643  by  4237. 

OPERATION. 

5643 

Solution. — The  7  units  is  a  factor  of  42.  We  first 
multiply  by  7  units  and  by  3  tens,  as  in  §  10;!  Then  we 
multiply  the  first  partial  product  by  6,  and  write  the  first 
figure  in  hundreds'  place,  since  4200  =  6  x  7  x  100. 


4237 


39501 
16929 
237006 


23909391  Ans. 

Note.  —  The  product  obtained  by  uiuIUpIylog  any  partial  product  is  called  a  deriwd 
ptodnet. 

Rule. — I.  Find  the  product  of  the  multiplicand  by  8ome  term 
of  the  multiplier  which  is  a  factor  of  one  or  more  parts  of  the 
multiplier, 

II.  Multiply  this  product  by  thai  factor  which,  taken  with  the 
term  of  the  multiplier  first  tised,  will  produce  other  parts  of  the 
multiplier,  and  write  the  first  figure  of  each  result  under  Hie  first 
figure  of  the  part  of  the  multiplier  thus  used, 

III.  In  like  m^anner,  find  tJie  product,  either  direct  or  derived, 
for  every  term  or  part  of  the  multiplier;  the  siim  of  aU  Hie 
products  will  be  the  whole  product  required. 

Multiply  ; 

4.  5784  by  246.  8.  78563721  by  127369. 

5.  3785  by  721.  9.  43725652  by  5481918. 

6.  472856  by  54918.  10.  3578426785  by  64532164. 

7.  43785  by  9153.  11.  2703605  by  4249784. 
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133.  When  the  multiplier  is  9,  99,  or  any  number  of  9*8. 

Annexing  one  cipher  to  a  number  multiplies  it  by  10,  two  ciphers  by 
100»  three  ciphers  by  lODO,  etc.  Since  9  is  10  —  1,  any  number  may  be 
multiplied  by  9  by  aimexiiig  1  cipher  to  it  and  subtracting  the  number 
from  the  result  (§  123).  For  similar  reasons,  100  times  a  number  —  1 
time  the  number  =  99  times  the  number,  etc. 

1.   Multiply  6556  by  999. 

OPERATION.  SoLCTioK.  —  Multiplying  6566 

6556000-6556  =  6549444  Ans,    ^^  \^  SJl^  ^  ^J"  ^^  ^^,^ 

result  is  6556000.     As  this  result 

is  1  X  6556  or  6556  too  great,  we  subtract  6556  and  the  answer  is  6549444. 

EuLE. — Annex  to  the  multiplicand  as  many  ciphers  as  the 
multiplier  contains  9's,  and  subtract  the  multiplicand  from  tfie 
resuU, 

2.   784x99  =  ?  4.   47.83x99999  =  ? 

S.  587.3  X  999  =  ?  5.   756  x  999999  =  ? 

134.  When  the  multiplier  is  a  number  a  few  units  less  than 
the  next  higher  unit. 

If  we  wish  to  multiply  by  97,  which  is  100  —  3,  we  can  evidently  annex 
2  ciphers  to  the  multiplicand,  and  subtract  3  times  the  multiplicand  from 
the  result.  If  our  multiplier  is  991,  which  is  1000  —  9,  we  can  subtract  9 
times  the  multiplicand  from  1000  times  the  multiplicand. 

1.  Multiply  6556  by  993. 

OPERATION. 

6556000  ^(7  x  6556)  =  6556000  -  45892  =6510108  Ans. 

Solution.  —  We  proceed  as  in  Ex.  1,  §  133,  but  since  1000  is  7  greater 
than  993,  we  must  subtract  7  x  6556  from  6556000  and  the  answer  is  65101 08. 

KuiiE.  —  Multiply  by  tJie  next  higher  unit  by  annexing  ciphers. 
From  this  result  subti'oct  as  many  times  the  multiplicand  as  there 
are  units  in  die  difference  between  the  multiplier  and  tlie  neoct 
higher  unit, 

2.  786  X  93  =  ?  5.  7873.5  x  995  =  ? 

3.  4327  X  96  =  ?  6.  43789  x  9994  =  ? 

4.  7328x997  =  ?  7.  707.736x999993  =  ? 


62  MULTIPLICATION. 

136.  When  the  left-hand  figure  of  the  mnltiplier  ia  the  unit 
1,  the  right-hand  figure  is  any  digit  whatever,  and  the  inter- 
rening  figures,  if  any,  are  ciphers. 

1.   Multiply  3684  by  17. 

OPERATION.       Solution.  —  If  we  multiply  by  the  usual  method,  we 
3684  X 17    ^^I'^^^'^i  separately,  7  times  and  10  times  the  multiplicand, 
and  add  them.    We  may  therefore  multiply  by  the  7  units, 


62628  Ans.  and  to  the  product  add  the  multiplicand  regarded  as  tens, 
thus :  7  times  4  =  28,  and  we  write  the  8  as  the  unit  figure 
of  the  product.  Then,  7  times  8  =  56,  and  the  2  reserved  being  added 
=  68,  and  the  4  in  the  multiplicand,  added,  =  62,  and  we  write  2  in  the 
product.  Next,  7  times  6,  plus  the  6  reserved,  plus  the  8  in  the  multipli- 
cand, =  56,  and  we  write  6  in  the  product.  Next,  7  times  3,  plus  the 
5  reserved,  plus  the  86  in  the  multiplicand,  =  62,  which  we  write  in  tiie 
product,  and  the  work  is  done. 

Had  the  multiplier  been  107,  we  should  have  multiplied  two  figures  of 
the  multiplicand  by  7,  before  we  commenced  adding  the  digits  of  the 
multiplicand  to  the  partial  products ;  3  figures  had  the  multiplier  been 
1007,  etc. 

Rule.  —  I.  Write  the  multiplier  at  the  HgJit  of  the  miUtipUccmd, 
with  the  sign  of  mnUiplication  between  them, 

II.  Multiply  the  multiplicand  by  the  unit  term  of  the  muUp- 
plier,  and  to  the  product  add  the  multiplicand,  regarding  its  locd 
value  as  a  product  by  (lie  left-Jiand  term  of  the  multiplier. 

Find  the  products ; 

2.  567  X  13.  5.    18075  x  1008.         8.  201.6  x  105. 

3.  439603  X  105.     6.    390.7  x  10002.       9.  3.162  x  104, 

4.  7859  X  107.         7.  143.01  x  10005.      10.  42.51  x  106. 

136.  When  the  left-hand  figure  of  the  multiplier  is  any  digit, 
the  right-hand  figure  is  the  unit  1,  and  the  intermediate  figures, 
if  any,  are  ciphers. 

1.   Multiply  834267  by  301. 

OPERATION.  Solution.  —  Regarding   the  multiplicand    as  a 

834267  X  301    pro^^c^  ^y  ^^^  "nit  1,  of  the  multiplier,  we  multiply 

9^1  TTTor?    A  ^^^  multiplicand  by  3  hundreds,  and  add  the  digits 

J&1114:c5b7  Ans.     ^f  ^.jjg  multiplicand  to  the  several  products  as  we 

proceed.     Since  the  3  is  hundreds,  the  two  right-hand  figures  of  the  mul- 
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tiplicand  will  be  the  two  right  hand  figures  of  the  product ;  and  the  prod- 
act  of  3  x  7  will  be  increased  by  2,  the  hundreds  of  the  multiplicand. 

Had  the  multiplier  been  31,  the  tens  of  the  multiplicand  would  have 
been  added  to  3  x  7 ;  had  the  nmltiplier  been  3001  the  thousands  of  the 
multiplicand  would  have  been  added  to  3  x  7  ;  and  so  on. 

Rule. — I.  Write  the  multiplier  at  tJie  right  oftlie  muUiplicandy 
with  Uie  sign  of  multiplication  between  them. 

II.  Multiply  the  multiplicand  by  the  left-hand  term  of  the 
muUiplieTf  and  to  the  product  add  the  multiplicand,  regarding  its 
local  value  as  a  product  by  the  unit  term  of  the  multiplier. 

Multiply : 

2.  56783  by  71.  4.  3724.5  by  901. 

3.  47.89  by  601.  5.  103078  by  40001. 

137.  When  the  digits  of  the  multiplier  are  all  the  same  figure. 

1.  Multiply  81362  by  333. 

OPBRATIOK. 

fii^iA9nnn  Solutiow.  —  We  first  multiply  by  999  (§  133). 

iiliSbZWU  rpjjgjj^  gj^^  333  is  }  of  999,  we  Uke  J  of  the  product. 

81362  Ujld  QQf  multiplier  been  444,  we  would  have  taken 

3)81280638  i  ^^  ^^  times  the  multiplicand.     Had  it  been  66,  we 

would  have  taken  ft  =  I  of  99  times  the  multiplicand. 

27093546  Ans, 

Rule.  —  I.  Multiply  by  as  many  9'«  os  tJie  multiplier  contains 
digitSy  by  §  133. 

II.  Take  such  a  part  of  the  product  as  1  digit  of  the  multiplier 
is  part  of  9, 

2.  432711  X  222  =  ?  4.   .6732  x  88888  =  ? 

3.  578  X  1111  =  ?  6.  867.5  x  777  =  ? 

138.  To  square  a  number  consisting  of  only  two  digits. 

1.  What  is  the  square  of  18  ? 

OPERATION.  Solution. — 18*  =  18  x  18  (§  108).   Now  if  one 

j^ga  __  /^g  v>  20^  +  2*  ^^  these  factors  is  diminished  by  2,  the  product 

— .  \9A   A  ^^  ^®  ^®®®  ^^^  ^®  square  of  18  by  2  times  the 

—  ^i^*  ^ns,  ^j^^y  ^^^^^  ^j  ^^  jj^  .  ^y^^^  is,  18«  =  (16  X  18) 

+  (2  X  18).  Next,  if  we  increase  the  other  factor,  18,  in  this  result,  by  2, 
the  whole  result  will  exceed  the  square  of  18,  by  2  times  the  other  factor, 
10  (§  123,  III) ;  that  is,  18^  =  (16  x  20)  +  (2  x  18)  -  (2  x  16).  But  as  2 
times  18  minus  2  times  16  is  equal  to  2  x  2,  or  2^,  we  have  18*= 16  x  20+2*- 
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Rule.  — I.  Take  two  nuvtbera,  one  of  wkicJi  is  as  many  until 
less  Uian  Oie  numher  to  be  squared  as  t/ie  otiier  is  units  greater, 
and  one  of  the  numbers  taken  an  exuct  nujnber  of  tens. 

II.  Find  the  product  of  Hiese  lico  numbers,  and  to  it  add  tha 
square  of  the  difference  between  i/te  given  number  and  one  of  the 
assumed  numbers. 

NoTiL  —  A  IttUo  pnetlea  will  antbla  Out  pgpn  la  •qiun  ohdUIIj  uj  Biunbsr  >«•  Uiaa 
100  by  thli  nils. 

Find  the  square  of; 

2.  27.      fi.   26.      8.  37.  11.  77.  14.  69.  17.  59. 

3.  49.       6.   39.       9.  36.  12.  88.  16.  68.  IS.  83. 

4.  28.      7.   38.     10.  35.  13.  99.  16.  62.  19.  97. 

139.  To  square  any  number  consisting  of  9*8. 

1.  Square  99,  999,  9999. 

orKBATioN.  Solution.  —  If  we  perform  Uie 

99  X       99  =  9801    Ans.     oPcraH""  i"  Hie  ordinary  way,  and 

QOrt  „     ooa  nnini\i      a  compare  the  results,  we  find  that 

999  X  999  =  998001  Ans.  ;„  n.^  g^^  .^  „^  ha,^  („r  the 
9999  X  9999  =  99980001  Ans.  digits  one  0,  an  8,  one  cipher,  and 
1 ;  in  the  second,  Itoo-S's,  an  8.  two 
ciphers,  and  1  ;  in  the  third,  three  9%  an  S,  three  cipliers,  and  1.  That 
is,  each  result  ciinsists  of  one  9  less  titan  in  the  given  nuoiber,  an  8,  ths 
same  number  of  ciphers  as  9's,  and  a  1. 

ButE.  —  Write  as  many  9's  leas  one  as  there  are  in  the  given 
nnmber,  an  8,  at  many  ciphers  as  H's,  and  a  1. 

2.  Find  the  square  of  99999. 

3.  What  is  the  square  of  999999  ? 

4.  Wliat  18  9  times  999999999*? 

140.  An  Aliquot  or  Even  Part  of  a  number  is  such  a  part  as 
will  exactly  divide  that  number.  Thus,  5,  8^,  and  12J  are 
aliquot  parts  of  25  and  of  100,  etc. 

Note.  —  Kn  allgitot  tmrl  m»j  bselUicra  u-bolo  or  •  mliM  n amber,  *hB«  k  Min/Kmnf 
Jiietor  mn>t  b«  >  whole  numbn-. 

The  aliquot  parts  of  10  are  6,  3J,  2J,  2,  Ij.  IJ,  ![,  IJ. 

The  aliquot  parts  of  100, 1000,  or  of  any  other  nuuiljer,  may  be  found 
by  dividing  the  numtier  by  2,  3,  i,  etc.,  untU  it  has  been  divided  by  all 
Uie  integral  numbcra  between  1  and  itself. 
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141.  When  the  mnltiplier  is  an  aliquot  part  of  some  higher 
unit. 

1.  Multiply  78  by  SJ,  and  by  25,  separately. 

Solution.  —  Since  3^  is  }  of  10,  the  next 
higher  unit,  we  multiply  78  by  10  and  take 
I  of  the  product. 

Again,  since  26  is  |  of  100,  we  multiply 
78  by  100  and  take  ^  of  the  product. 


orsRATioir. 


3)780  4)7800 

260  Aji9.       1950  Ans. 


'Rule.  —  I.  Mtdtiply  the  given  multiplicand  by  the  unit  next 
higher  than  the  mvUiplier  by  annexing  cipJiers. 

II.  Take  such  a  part  of  tJiia  product  as  tJie  given  multiplier  is 
part  of  the  next  higlier  unit. 

Note.— SiBoe  6|  Is  twioo  8|,  we  may  multiply  78  by  6f,  by  ftrst  multiplying  by  8|  by 
tlM  rule  Just  gfren,  mm!  tiien  taking  twice  tiie  result.  In  the  same  way  we  can  multiply  a 
number  by  any  multiple  of  an  aliquot  port  of  a  higher  unit. 


Multiply : 

2.   437  by  25. 

6.   758642  by  12J. 

3.   6872  by  2J. 

6.   78563  by  125. 

4.   5734154  by  333^. 

7.   57687  by  142f 

Aliquot  Parts  of  100. 

50    =iofl00. 

11^   =  i  of  100. 

331  =  1  of  100. 

10     =  ^  of  100. 

25   =(oflOO. 

9tV  =  tV  0^  100. 

20   =1  of  100. 

^   =T4ofl00. 

16|  =  i  of  100. 

6^   =^  of  100. 

u\  =  1  of  100. 

5     =itoi  100. 

12|  =  iof  100. 

4     =  ^  of  100. 

Multiplbs  of  Alk 

jdot  Parts  of  100. 

88|  =  f  of  100. 

77|  =  1  of  100. 

87^  =  J  of  100. 

75    =1  of  100. 

85f  =  f  of  100. 

71f  =  ^  of  100. 

83^  =  f  of  100. 

66|  =  1  of  100. 

80    =1  of  100. 

Q2\  =  f  of  100. 

bob.  hew  higher  ar.  —  5 
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60  =1  of  100. 

40 

=  t  of  100. 

57  j  =  f  of  100. 

37J 

=  1  of  loa 

55  J  =  1  of  100. 

28^ 

=  1  of  100 

44|  =  1  of  100. 

22J 

=  1  of  loa 

42f  =  f  of  100. 

18^ 

=  ^  of  100. 

Aliquot  Parts  of  1000. 

600  =  J  of  1000. 

111^ 

=  i  of  1000. 

333^  =  i  of  1000. 

100 

=  ^  of  1000. 

250  =1  of  1000. 

90« 

=  tV  of  1000. 

200  ^1  of  1000. 

83i 

=  tV  of  1000. 

166f  =  i  of  1000. 

62^ 

=  ^  of  1000. 

142f  =  j  of  1000. 

50 

=  ^  of  1000. 

125  =1  of  1000. 

40 

=  3jV  of  1000. 

142.   When  the  right-hand  term  or  terms  of  the  multiplier 
ore  aliquot  parts  of  10,  100,  1000,  etc. 

1.   Multiply  2183  by  1233|. 

OPERATION. 
218300 

j^oi  Solution.  —  Since  1233J  =  12^  x  100,  we  multiply 

^ —  by  100,  and  by  12  J,  in   continued   multipUcaUon 

72766|       (1 124). 

26196 


2692366J  Ans. 

Rule.  —  I.  Reject  from  the  right  hand  of  the  multiplier  such 
term  or  terms  as  are  an  aliquot  part  of  some  higher  unit,  and 
to  the  remaining  terms  of  the  multiplier  annex  a  fraction  which 
expresses  the  aliquot  part  thus  rejected,  for  a  reserved  multiplier. 

II.  Annex  to  the  multiplicaiui  a^  mxiny  ciphers  as  are  equal  to 
the  number  of  terms  rejected  from  the  right  hand  of  the  muUi- 
plier,  and  multiply  the  result  by  tJie  reserved  multiplier. 


Multiply : 

2.  43789  by  825. 

3.  58730  by  7125. 

4.  7854by362f 


6.  30724  by  73333^. 

6.  47836  by  712^. 

7.  53727  by  2416|. 
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143.  To  find  the  cost  of  a  quantity  when  the  price  is  an  aliqaot 
part  of  a  dollar. 

1.  What  is  the  cost  of  a  case  of  muslins  containing  1624  yd., 
at  1 .12^  per  yard  ? 

OPERATION.  Solution. — At.fl  per  yard  the  case  would 

8)  8 1624  cost  f  1624.    A8f.l2}  =  9},    it  wUl  cost  }  of 

$203  An8.  #1824,  or  #203. 

BuLE.  —  Take  such  a  part  of  the  given  quantity  as  the  price  is 
pari  of  one  dollar, 

2.  What  is  the  cost  of  568  pounds  of  butter  at  25  cents  a 
pound? 

3.  What  is  the  cost  of  28  dozen  candles  at  $  .12}  a  dozen  ? 

4.  What  is  the  cost  of  576  pounds  of  beef  at  11^  cents  a 
pound? 

5.  What  is  the  cost  of  64  pieces  of  ribbon,  each  containing 
10  yards  at  $  .12^  a  yard  ? 

6.  What  is  the  cost  of  12  dozen  buttons  at  $  .37^  a  dozen  ? 

ACCOUNTS  AND  BILLS. 

144.  An  Account  is  a  registry  of  debits  and  credits. 

NonBB.  —  1.  An  acoount  shoold  always  eontain  the  namea  of  both  the  parties  to  the 
tranaafetton,  the  inrloe  or  value  of  each  Item  or  artlde,  and  the  date  of  the  transaction. 

2.  Aeoonnta  may  have  only  one  side,  which  may  be  either  debit  or  credit ;  or  It  may 
bare  two  aidea,  debit  and  credit    (For  the  balance  of  an  account,  see  |  IN).) 

145.  An  Account  Current  is  a  full  copy  of  an  account,  giving 
each  item  of  both  debit  and  credit  sides  to  date. 

146.  A  Bill,  in  business  transactions,  is  a  written  statement 
of  articles  bought  or  sold,  with  the  prices  of  each  and  the  total 
cost;  or  a  statement  of  services  rendered,  with  the  price  or 
value  annexed  to  each  item. 

147.  The  Footing  of  a  Bill  is  the  total  amount  or  cost  of  all 
the  items. 

Nt/TS.  —  A  bill  of  ^oods  bought  or  sold,  or  of  services  received  or  rendered  at  a  single 
transaction,  and  containing  only  one  date,  is  oflen  called  a  bill  of  parcels ;  and  an  account 
eorrent  having  only  one  side  Is  sometimes  called  a  bill  qf  items. 
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148.   In  accounts  and  bills  the  following  abbreyiations  aie 


«« 


in  general  use : 

@,  at 

%,  ac(ft,  account. 
bal,j  balance. 
bbLy  barrels. 
bu,,  bushels. 
(7.,  one  hundred. 


O.,  creditor. 

cwL,  hundredweight 

Dr.,  debtor. 

doz.,  dozen. 

Md.,  hogshead. 

lb,,  pound. 


Jf.,  one  thousand. 
vTio.,  months. 
pay^t,  payment 
jw.,  pair. 
re<fd,  received. 
ffd.,  yards. 


149.  When  an  account  current  or  a  bill  is  settled  or  paid, 
the  fact  should  be  entered  on  the  same  and  signed  by  the 
creditor,  or  by  the  person  acting  for  him.  The  %  or  bill  is 
then  said  to  be  receipted.  Accounts  and  bills  may  be  settled 
and  receipted  by  the  parties  to  the  same,  or  by  agents,  clerks, 
or  attorneys  authorized  to  transact  business  for  them. 

Eanmples. 

150.  Find  the  cost  of  the  several  articles,  and  the  amount  or 
footing  of  the  following  bills : 

1. 

BiUy  receipted  by  derk  or  agent. 

New  York,  July  10,  1805. 

Mr.  John  C.  Hale, 


Bought  of  Hill,  Groves  &  Co., 

10  yd.  Cassimere, 
16  "    Blk.  Silk, 
72  "    Ticking, 
42   "    Shirting, 
12  ^*    Flannel, 

@ 

(( 

u 
u 
it 

$2.85 
1.12^ 
.14 
.16^ 
.40 

24^"   India  Silk, 

a 

.m 

14  "   Alpaca, 
5  **  Lace, 

t( 

.55 
1.25 

Be&d  Payment, 

Hill, 

Groves  &  Co., 

By  J.  W.  HoPKiiiB. 

ACCOUNTS  AND  BILLS. 
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2. 

BiUy  receipted  by  tJie  selling  party. 

Chicago,  Sept.  20, 18M. 


126 

pr. 

276 

(I 

180 

ii 

80 

U 

96 

ii 

BouglU  of  McDouoALy  Fbnton  &  Co., 

@  9 1.25 
4.26 
3.16 


Boys'  Thick  Boots, 
"      Calf        « 
«      Kip         " 
Women's  Fox'd  Gaiters, 
"        Opera  Boots, 
8  cases  Men's  Calf  Boots, 
3     "     Congress  Pump  Boots, 
40  gross  Silk  Buttons, 


3.60 

2,76 

30.60 

36.75 

.37| 


Redd  Payment^ 


McDouoAL,  Fenton  &  Co. 


3. 

BiUj  settled  by  note. 

New  York,  May  4,  1894. 
[ITH  &  Perkins, 

Bought  of  Kent,  Lowber  &  Co., 

40  chests  Green  Tea,  @    $  27.60 


25      «     Black      " 

it 

19.20 

16      "     Imperial « 

t( 

48.10 

12  sacks  Java  Coffee, 

n 

17.75 

20  bbl.      Coffee  Sugar  (A), 

ii 

26.30 

15    «        Crushed  « 

ii 

31.85- 

36  boxes  Lemons, 

li 

3.87i 

42     «       Oranges, 

ii 

4.12^ 

26     "       Raisins, 

a 

2.90 

32  bbl.     Apples, 

a 

2.60 

Be(^d  Payment,  by  note  cU  6  ma. 


Kent,  Lowber  &  Co. 


I 
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4. 

Bill,  paid  by  draft,  and  receipted  by  derk. 

New  Orleans,  April  28,  1805. 

Bought  of  WilIjJlrd  &  Hale, 


James  Carlton  &  Co., 


150  bbl.  Canada  Flour, 

@ 

$5.50 

275    "    Genesee    " 

« 

COO 

170    "    Philada.    « 

(( 

6.00 

326  bu.   Wheat, 

t( 

.85 

214  "     Com, 

u 

.55 

300  «     Oats, 

« 

.35 

lieifd  Payment,  by  draft  on 

N.Y. 

B.  S.  Clarke, 
For  WiLLARD  &  Hale. 


6. 


Account  Current,  not  balanced  or  settled, 

Philadelphia,  Nov.  1,  1894. 

To  Dodge  &  Son,  Dr, 
April  15,  To  24  Tons  Swedes  Iron,  @  $  64.30 


Mr.  James  Cornwall, 


(C 


it 


a 
It 


"   15  cwt.  Eng.  Blister  Steel,    " 
June  21,   «     7  doz.  Hoes  (Trowel  Steel), " 
Aug.  10,   "  25    «    Buckeye  Plows 
Oct      3,   "  14  Cross-cut  Saws, 

«         3,   "  27  cwt  Bar  Lead, 

«         3,   "  1840  lb.  Chain, 

Or, 
May  25,  By  20  M.  Boards, 
July  14,  "    50  M.  Shingles, 

«     14,  «    42  M.  Plank, 
Sept.    5,  "    Draft  on  New  York, 

12,  "    75  C.  Timber,  @        3.10 

12,  "    36  C.  Scantling,  «  .87^ 


10.25 

7.78 

10.75 

16.12^ 

5.90 

.09| 


it 


@  J  17.60 
3.12^ 
9.37| 


ti 


$1000 


Balance  Due  Dodge  &  Son, 


ACC0DHT8  AND  BILLS. 


Aceoant  Cunvnl,  another  form,  batamxd  by  note. 
Wm.  Richmond  &  Co.  m  %  cobbbkt  with  Wood  &  Powbll. 


iiac 

— 

) 

t,61bunl>>ppl«.    UWS 

"  8TS      "       d.««, 

"  ID  buitaala  Uirnlp*.     .12 

-   *S1       "        Urd, 

■   ,1*1 

'■  M      "   drl«d  >ppl«,  .8J) 

Oct. 

"   81  doMD  qis^ 

,s^. 

r 

Dec. 

"  4llwn>.M91lH 

■  AH 

- 

~ 

^^^"^---^.^ 

- 

- 

Bonm,  Jul  1,  tSM. 


His.  T.  Howard, 


Wood  ft  Powbll. 
7. 

New  Tobk,  June  1,  1896. 

To  B.  Altman  &  Co., 
DRY  GOODS. 


M^ 

s 

7 

9 
U 

sa 

1  Box  Paper 

6  Ribbon 
4     " 

7  Cfrepon 

SI  DavMtk  fl.SS  for 

1  Doz.  Bona 

1     "        ButlOJtM 

a  SktrU 

IGlOttM 

4  Sktint  SOk 
S\  Mohair 

ti.ss 
■*s 

.05 
.16 
.95 

tJO 
.16 

1.55 
.It 

i.ts 

.Si 
.03 
.60 

9 

iGlom* 

I.S5 

in 

S  Shin* 

1.S5 

ss 

S\  Mohair 

.50 
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PROOFS  OF  MULTIPLICATION. 

151.  To  prove  mttltiplication  by  yarying  the  partial  products. 

This  proof  is  based  on  the  principle  that  the  product  of  any 
two  factors  is  the  saine,  whichever  is  taken  as  a  multiplier 
(§  102,  Prin.  I). 

Rule.  —  Invert  the  order  of  the  factors,  that  is,  multiply  the 
multiplier  by  the  multiplicand.  If  the  product  is  the  same  as  the 
first  answer,  the  work  is  correct. 

152.  To  prove  multiplication  by  casting  out  the  S's. 

Since  every  number  is  equal  to  an  exact  number  of  9*8  plus  the  sum  of 
its  digits  §  77,  if  the  excess  of  O^s  in  the  digits  is  subtracted  from  a  num- 
ber the  remainder  must  be  an  exact  number  of  O's.  Hence  we  have  the 
following  principles : 

Principles.  —  I.  If  the  excess  of  9*s  is  subtracted  from  a 
number,  the  remainder  will  be  a  number  having  no  excess  of  9'& 

II.  If  a  number  having  no  excess  of  9'a  is  multiplied  by  any 
number,  the  product  will  have  no  excess  of  9's. 

1.   Prove  by  excess  of  9's  that  473  multiplied  by  138  =  65274. 

Solution.  — The  excess  of  9'8  in 
473  is  5,  and  473  =  468  +  5,  of  which 
the  first  part,  468,  contains  no  excess 
of  9's  (I).  The  excess  of  9«s  in  138 
is  3,  and  138  =  135  4-  3,  of  which  the 
first  part,  135,  contains  no  excess  of 
9's  (I).  Multiplying  both  parts  of 
the  multiplicand  by  each  part  of  the 
multiplier,  we  have  four  partial  prod- 
ucts, the  first  three  have  no  excess  of 
9's,  because  each  contains  a  factor 
having  no  excess  of  9*8  ( 1 1) .  There- 
fore, the  excess  of  9's  in  the  entire 
product  must  be  the  same  as  the  ex- 
cess of  9'd  in  the  last  partial  product, 
15,  which  we  find  to  be  6.  The  same 
65274,  exc.  6    15,  exc.  6.  may  be  shown  of  any  two  numbers. 

Rule. — Prom  the  product  of  the  excess  of  9*5  in  the  muUipli- 
cand  and  multiplier,  cast  out  tlie  9'&  Compare  the  excess  wilh 
the  excess  in  the  answer. 


EXPLANATIOir. 

473  =  468  +  5 

138  =  135  +  3 

468  X  135  =  63180 

PArttol 

5  X  135  =     675 

* 

prodacts, 

468x3     =   1404 

5x3=       16 

Entlra  product,                            65274 

OPERATION. 

473,      exc.    6 

138,      exc.    3 

PROOFS  OF  MULTIPLICATION.  T8 

158.  To  prore  nmltiplicatioB  by  casting  out  the  ll's. 

1.  Prove  by  excess  of  ll's  that  473  multiplied  by  138=G5274. 

SoLUTioir.  —  This  proof  depends  upon 

OPBRATION.  ^jje  same  principles  as  goyem  the  proof 

473^  7  —  7  =  0   ^y  excess  of  9'8.    We  find  by  §  78  that 

4  00  Q ^  =  (5   ^®  excess  of  ll's  in  the  multiplicand 

*  is  0,  in  the  multiplier  6,  their  product 

^-^^  2   is  0  X  6  =  0.    The  excess  of  1 1's  in  the 

12  ~  12  =  0,  exc.     exc.  =  0   product   65274    is   also   0,  hence  that 

answer  is  probably  correct. 

Rule. — JFVam  the  product  of  the  excess  of  IV s  in  the  multipli- 
cand and  multiplier  cast  out  the  ll's.  Compare  tJie  excess  with  the 
excess  in  the  answer. 

NoTs.  — If  tlie  «xoeM  of  9*b  «r  irs  in  elth«r  flMtor  Is  0,  the  ezoMB  of  9*s  or  ll's  in  the 
prodaei  wffl  be  0  (S  ISfi,  II). 

154.   To  proye  multiplication  by  somming  up  the  digits. 

1.  Prove  by  summing  up  the  digits  that  473  multiplied  by 
138  =  65274. 

OFERATioir.  Solution.  —  Summing  up  the  digits 

.^  in  the  multiplicand  (§  79)  the  product 

^'*^>                         ^  is  6 ;  in  the  multiplier  8.     ITieirprod- 

138y                         3  net,  15,    summed   up  =  6,  the   final 


65274,    6iio.id*.     16,  6  iu»id*.  ^"^  .^he  final  digit  »  86274  =  6 
'  '  Hence  the  answer  is  probably  correct. 

Rule. — Sum  up  the  multiplicand  and  the  multiplier  and  find 
the  final  digit  of  the  product.  Compare  this  with  tJie  final  digit 
of  t?ie  answer. 

Examples  combining  the  Preceding  Rules. 

155.  1.  A  man  bought  two  farms,  one  containing  175  acres, 
at  $  28  per  acre,  and  the  other  containing  320  acres^  at  $  37 
per  acre.    What  was  the  cost  of  both  ? 

2.  If  a  man  receives  $  1200  yearly  salary,  and  pays  $  364  for 
board,  9  275  for  clothing,  9 150  for  books,  and  $187  for  other 
expenses,  how  much  can  he  save  in  5  years  ? 
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8.  Two  persons  start  from  tlie  same  point,  and  travel  in 
opposite  directions ;  one  travels  29  miles  a  day,  and  the  other 
32  miles.     How  far  apart  will  they  be  in  17  days  ? 

4.  A  drover  who  bought  127  head  of  cattle,  at  $  34  a  head, 
and  97  head,  at  $  47  a  head,  sold  the  whole  lot  at  $40  a  liead. 
What  was  his  entire  profit  or  loss  ? 

6.  The  lowest  standard  amount  of  fresh  air  needed  for  each 
person  is  45  cubic  feet  a  minute.  If  a  schoolroom  contains 
50  pupils,  how  much  fresh  air  must  pass  through  it  during  a 
session  of  3  hours  to  keep  the  atmosphere  pure  ? 

6.  Find  the  value  of  2*  X  5*  -  7«. 

7.  15»-(3«x2^+208«-9x2*. 

8.  If  a  house  is  worth  9  2450,  and  the  farm  on  which  it 
stands  6  times  as  much,  lacking  9  500,  and  the  stock  on  the 
farm  twice  as  much  as  the  house,  what  is  the  value  of  the 
whole  ? 

9.  A  man  invests  in  trade  at  one  time  $  450,  at  another 
$  780,  at  another  9 1250,  and  at  another  $  2275.  How  much 
must  he  add  to  these  sums,  that  the  amount  invested  by  him 
originally  shall  be  increased  fourfold  ? 

10.  In  a  certain  city  there  are  997  public  schools,  each  con- 
taining an  average  of  665  pupils.  How  many  public  school 
pupils  are  there  in  that  city  ? 

11.  If  a  steam  car  travels  at  the  rate  of  625  miles  a  day, 
how  many  miles  will  it  cover  in  19  days  ?  in  109  days  ? 

12.  The  cost  of  the  Atlantic  Telegraph  Gable,  as  originally 
made,  was  as  follows :  2500  miles  at  9  485  per  mile,  10  miles 
deep-sea  cable  at  9 1450  per  mile,  and  25  miles  shore  ends  at 
9 1250  per  mile.    What  was  its  total  cost  ? 

13.  What  is  the  area  of  a  square  lot  which  is  59  ft.  long  ? 

14.  A  merchant  sold  54  yards  of  calico  at  9  -16}  ])er  yard,  16 
pieces  of  sheeting,  each  piece  containing  33  yards,  at  $.06^ 
per  yard,  and  received  in  payment  18  bushels  of  oats,  at  9  -33^ 
per  bushel,  and  the  balance  in  money.  How  much  money  did 
he  receive  ? 


DIVISION. 


156.  Diyision  is  the  process  of  separating  a  number  into 
equal  parts,  or  of  finding  how  many  times  one  number  is  con- 
tained in  another. 

167.   The  DiTidend  is  the  number  to  be  divided. 

158.  The  Diviaor  is  the  number  to  divide  by. 

159.  The  Quotient  is  the  result  obtained  by  the  division. 

160.  The  Reciprocal  of  a  number  is  1  divided  by  the  number. 
Thus,  the  reciprocal  of  15  is  1  -i- 15,  or  ^. 

Hom.  —1.  When  the  dividend  does  not  contain  the  divisor  ux  exact  number  of  times, 
the  part  of  the  dividend  left  is  called  the  Xefnaind^rt  and  this  mast  be  less  than  the  divisor. 

S.  As  the  remainder  is  always  a  part  of  the  dividend,  it  Is  always  of  the  same  name  or 
Und.    When  there  is  no  remainder  the  division  is  said  to  be  exact, 

161.  In  separating  a  number  into  equal  parts,  the  divisor  is 
always  abstract^  and  the  dividend  and  quotient  are  like  num- 
bers.   This  is  sometimes  called  the  Partitive  form  of  division. 

Thns,  if  we  wish  to  divide  85  cents  equally  among  7  children,  each 
child  will  receive  one  of  7  equal  parts  into  which  85  cents  may  be 
divided,  or  ^  of  35  cents,  which  is  5  cents.  85  cents  +  7  =  5  cents.  The 
dividend  and  quotient  are  like  numbers,  and  the  divisor  is  abstract. 

162.  In  finding  how  many  times  one  number  is  contained  in 
another,  the  divisor  and  dividend  are  like  numbers  (concrete  or 
abstract),  and  the  quotient  is  always  abstract.  This  is  some- 
times called  the  Measuring  form  of  division. 

Thus,  if  we  wish  to  find  how  many  oranges  can  be  bought  for  85  cents, 
if  each  costs  7  cents,  we  say  as  many  oranges  can  be  bought  as  7  cents  is 
contained  times  in  85  cents,  which  is  7  times.  85^  +  5^  =  7.  The 
divisor  and  dividend  are  like  numbers  {cents)  ^  and  the  quotient  is 
abstract. 
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163.  The  method  of  dividing  any  number  by  another  depends 
upon  the  following  principles : 

Principles.  —  I.  Division  is  the  reverse  of  inuUiplication, 
tlie  dividend  corresponding  to  the  product^  and  tJie  divisor  and 
quotient  to  the  factors, 

II.  If  aU  tJie  parts  of  a  number  are  divided,  the  entire  num- 
ber wiU  be  divided, 

III.  Since  the  remainder  in  dividing  any  part  of  the  dividend 
must  be  less  than  tlie  divisor,  it  can  be  divided  only  by  being 
expressed  in  units  of  a  lovoer  order  ;  hence  the  operation  mu^ 
commence  with  the  units  of  the  higliest  order, 

Szamples. 


164.   1.  Divide  2742  by  6. 

OPERATION.  Solution.  —  We  write  the  divisor  at  the  left  of  the 

^  dividend,  separated  from  it  by  a  line.    As  6  is  not  con- 

D)  ^74 J  tained  in  2  thousands,  we  take  the  2  thousands  and  7 

457  Ans,    hundreds  together,  and  proceed  thus :  6  is  contained  in 

27  hundreds  4  hundreds  times,  and  the  remainder  is  3 

hundreds ;  we  write  4  in  hundreds^  place  in  the  quotient,  and  unite  the 

remainder,  3  hundreds,  to  the  next  figure  of  the  dividend,  making  34 

tens  ;  then,  6  is  contained  in  34  tens  5  tens  times,  and  the  remainder  is  4 

tens ;  writing  6  tens  in  its  place  in  the  quotient,  we  unite  the  remainder 

to  the  next  figure  in  the  dividend,  making  42 ;  0  is  contained  in  42  uniti 

7  times,  and  there  is  no  remainder ;  writing  7  in  its  place  in  the  quotient, 

we  have  the  entire  quotient,  467. 

Nora.— The  different  nnmbere  which  we  divide  in  obtaining  the  snocesaive  flgoree  of 
the  quotient,  are  called  partial  dividendt. 


2.   Divide  18149  by  66. 

OPEBATION. 

66)  18149  (324^  Ans. 
168 

134 
112 


229 
224 

6 


Solution.  —  As  neither  1  nor  18 
will  contain  the  divisor,  we  take 
three  terms,  181,  for  the  first  par- 
tial dividend.  66  is  contained  in 
181,  3  times,  with  a  remainder ;  we 
write  the  3  as  the  first  figure  in  the 
quotient,  and  then  multiply  the 
divisor  by  this  quotient  term  ;  3 
times  66  =  168,  which,  subtracted 
from  181,  leaves  13 ;  to  this  remain- 
der we  annex  or  bring  down  4,  the 
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next  tenn  of  the  dividend,  and  thus  form  134,  the  next  partial  dividend ; 
66  is  contained  in  134, 2  times,  with  a  remainder ;  2  times  5tf  =  112,  which, 
sahtracted  from  134,  leaves  22 ;  to  this  remainder  we  bring  down  9,  tho 
last  term  of  the  dividend,  and  we  have  229,  the  last  partial  dividend ; 
56  is  contained  in  229,  4  times,  with  a  remainder ;  4  times  50  =  224, 
which,  subtracted  from  229,  gives  5,  the  final  remainder,  which  we  write 
in  the  quotient  with  the  divisor  below  it,  thus  completing  the  division. 

N<m.  — Wben  the  maltii4kfttion  and  ftabtnctlon  are  perforroed  ineotaUy,  as  in  the  first 
example,  the  operation  Is  called  Short  DiHHon;  bat  when  the  work  is  written  oat  in  fUU, 
as  In  the  seeond  esaoiple,  the  opemtlon  la  called  Long  JHviHon,  The  prineiplea  goyerning 
the  two  methoda  are  the  same. 

3.   Divide  181.44  by  66, 

SoLDTioiT. — 66  is  contained  in 

181,  3  times,  with  a  remainder  of  13 

56)  181.44  (3.24  Ans,  units.    To  this  remainder  we  annex 

1^  the   next   term    of   the    dividend, 

^oj  which  is  4  tenths,  thus  making  134 

^"^  tenths ;  66  is  contained  in  134  tenths, 

^^  2  tenths  times,  with  a  remainder; 

224  80  ^0  place  2  in  the  quotient,  pre- 

224  ceded  by  the  decimal  point.    To  the 

remainder,  22  tenths,  we  add  the  4 

hundredths  of  the  dividend,  making 

224  hundredths ;  60  is  contained  in  224  hundredths,  4  hundredths  times, 

without  a  remainder,  so  we  place  4  in  hundredths'  place  in  the  quotient, 

and  the  answer  is  3.24. 

Bulb. — I.  Beginning  cU  the  left  handy  take  for  the  first  par- 
tial dividend  the  fetvest  terms  of  the  given  dividend  thai  wiU 
conUUn  the  divisor  one  or  more  times;  find  how  m>any  times  tJie 
divisor  is  contained  in  this  partial  dividend,  and  urrite  the  result 
in  the  qujotienl;  multiply  the  divisor  by  this  qtiotient  term,  and 
subtract  tJie  product  from  the  partial  dividend  used, 

II.  To  the  remainder  bring  doum  the  next  term  of  the  divi- 
dend, wUh  which  proceed  as  before;  and  thus  continue  till  all  the 
terms  of  the  dividend  have  been  divided, 

III.  In  dividing  a  decimal  by  a  whole  number,  place  a  decimal 
point  in  the  quotient  as  soon  as  the  decimal  point  in  the  dividend 
is  reached,  or  point  off  as  many  decimal  places  in  the  quotient  as 
tJiere  are  in  the  dividend. 

IV.  If  the  division  is  not  exact,  place  the  final  remainder  in 
the  quotient,  and  write  the  divisor  underneath. 

Hon.  —  For  the  rule  finr  dividing  a  dedmal  by  a  decimal  see  {  890. 
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Divide : 
4.  6)  473832. 
6.  8)  972496. 

6.  9)  1370961. 

7.  12)  73042164. 

8.  170352  by  36. 

9.  40988.7  by  47. 
10.  443520  by  84. 

What  is  the  value  of: 

18.  3931.476 -f- 556  ? 

19.  721198  H- 291? 

20.  3844449-8-657? 


11.  36381.25  by  125. 

12.  1554768  by  216. 

13.  4828.8058  by  3094 

14.  112.1488  by  232. 

15.  27085946  by  216. 

16.  29137.16  by  5317. 

17.  49179.2525  by  2359. 

21.  536819.1968  +  907? 

22.  571938.5742-^-37149? 

23.  48659910 -^  54001  ? 


24.  The  annual  receipts  of  a  manufacturing  company  are 
$  147675.  How  much  is  that  per  day,  there  being  365  days  in 
the  year  ? 

25.  A  man  who  fails  in  business  owes  $115275.  His 
property  is  valued  at  $  40346.25.  How  much  can  he  pay  on 
a  dollar? 

26.  There  are  5280  ft.  in  a  mile.  How  many  miles  are 
equivalent  to  295680  ft.  ? 

27.  The  telegraph  poles  along  a  railroad  are  set  264  ft. 
apart.  In  passing  by  train  I  counted  82  poles  in  10  minutes. 
How  many  miles  an  hour  was  the  train  running  ? 

28.  If  a  bank  pays  me  $  16875  interest  on  $  281250  for  1 
year,  how  much  will  it  pay  on  $  6250  for  the  same  time  ? 

29.  If  a  tax  of  $  72320060.75  is  equally  levied  on  10735 
towns,  what  amount  must  each  town  pay  ? 

30.  If  there  are  099425  books  in  a  number  of  libraries,  and 
each  has  an  average  of  27977  books,  what  is  the  number  of 
libraries  ? 

31.  The  world  contains  an  area  of  52361115  square  miles, 
and  its  population  is  estimated  at  1479486192.  How  many 
people  are  there  in  the  world  to  a  square  mile  ? 
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GSNXSAL  PRINCIPLES  OF  DIVISION. 

165.  The  general  principles  of  division  most  important  in 
their  application,  relate :  first;  to  changing  the  terms  of  division 
by  addition  or  subtraction;  second,  to  changing  the  terms  of 
division  by  multiplication  or  division;  third,  to  successive 
division. 

The  quotient  in  division  depends  apon  the  relative  values  of  the  divi- 
dend and  divisor.  Hence,  any  change  in  the  value  of  either  dividend  or 
divisor  must  produce  a  change  in  the  value  of  the  quotient;  though 
certain  changes  may  be  made  in  both  dividend  and  divisor  at  the  same 
time,  that  will  not  affect  the  quotient. 

166.  Changing  the  terms  by  addition  or  subtraction. 

Since  the  dividend  corresponds  to  a  product,  of  which  the  divisor  and 
quotient  are  factors,  we  observe, 

1.  If  the  divisor  is  increeised  by  1,  the  dividend  must  be  increased 
by  as  many  units  as  there  are  in  the  quotient,  in  order  that  the  quotient 
may  remain  the  same  (§  123,  I);  and  if  the  dividend  is  not  thus 
increased,  the  quotient  will  be  diminished  by  as  many  units  as  the 
number  of  times  the  new  divisor  is  contained  in  the  quotient. 

84  -i-  6  =  14.  84  +  7  =  14  -  V  =  12. 

2.  If  the  divisor  is  diminished  by  1,  the  dividend  must  be  diminished 
by  as  many  units  as  there  are  in  the  quotient,  in  order  that  the  quotient 
may  remain  the  same  (§  123,  II) ;  and  if  the  dividend  is  not  thus 
diminished,  the  quotient  will  be  increased  by  as  many  units  as  the  num- 
ber of  times  the  new  divisor  is  contained  in  the  quotient. 

144  ^  9  =  16.  144  +  8  =  16  +  V  =  18. 

167.  These  principles  may  be  stated  as  follows : 

Principles.  —  I.  Adding  1  to  the  divisor  takes  as  many  units 
from  the  quotient  as  the  new  divisor  is  contained  times  in  the 
quotient. 

n.  Subtra>cting  1  from  the  divisor  adds  o»  m^ny  units  to  the 
quotient  as  tJie  new  divisor  is  contained  times  in  the  quotient, 

III.  Adding  any  number  to  the  divisor  subtracts  cw  many 
units  from  the  quotient  as  the  new  divisor  is  contained  times  in 
the  product  of  the  quotient  by  the  number  added;  and  sub- 
TBACTiNG  any  number  from  the  divisor  adds  cw  many  units  to 
the  quotient  as  the  new  divisor  is  contained  times  in  the  product 
of  the  quotient  by  the  number  subtracted. 
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168.   Changing  the  tenna  by  maltlpltcntion  or  dlTision. 

1.  If  any  divisor  is  contained  In  a  glTen  dividend  a  certain  namber  of 
timSB,  tbe  same  djviaor  will  be  contained  in  twice  the  dividend  twice  u 
many  times ;  in  tliree  times  the  dividend,  three  times  as  many  times ;  aud 

1.  MuUiplying  the  dividend  by  any  number  muUipliea  lAs 
quotient  by  tlie  same  nuv^er. 

2.  It  any  divisor  Is  contained  in  a  given  dividend  a  certain  number  of 
times,  the  same  divisor  will  tie  contained  In  one  lialf  the  dividend  one 
half  aa  many  times ;  In  one  Uiird  Uie  dividend,  one  third  as  many  times  ; 

II.  Dividing  the  dividend  by  any  numto*  divides  the  quotient 
by  the  same  nuTnber. 

3.  If  a  given  divisor  is  contained  in  any  dividend  a  certain  number  of 
times,  twice  the  divisor  will  be  contained  in  the  same  dividend  one  half 
as  many  times ;  three  times  tite  divisor,  one  third  as  many  times ;  and 
SQon. 

III.  MuUiplying  the  diviaor  by  any  number  divides  the  quo- 
tient by  the  same  number. 

i.  If  a  given  divisor  is  contained  in  any  dividend  a  certain  number  of 
times,  one  half  tbe  divisor  will  be  contained  in  the  same  dividend  twice 
aa  many  times ;  one  third  of  tbe  divisor,  three  times  as  many  times ;  and 

rv.  Dividing  the  divis&r  by  any  number  muUtplies  the  quo- 
tient by  the  same  number. 

G.  If  a  given  divisor  is  contained  in  a  ;^ven  dividend  a  cert^n  number 

of  times,  twice  the  divisor  will  be  contained  the  same  number  of  times 
in  twice  the  dividend  ;  tiiree  times  the  divisor  will  be  contained  the  same 
number  of  times  in  three  times  the  dividend ;  and  so  on. 

V.  Multiplying  both  dividend  and  divisor  by  the  same  number 
does  not  alter  the  quotieiU- 

6.  It  a  given  divisor  is  contained  In  a  given  dividend  a  certain  number 
of  times,  one  half  the  divisor  will  be  contained  the  same  number  of  times 
in  one  halt  the  dividend ;  one  third  of  the  divisor  will  be  contained  Ute 
some  number  of  times  in  one  third  of  the  dividend  ;  and  so  on. 

VI.  Dividing  both  dividend  and  divisor  by  tlte  same  number 
does  not  alter  tlte  quotient. 
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Hots.  —  It  %  nomber  Is  mnlUpUed  and  the  prodaet  divided  bj  the  same  namber,  the 
fwrticat  will  be  equal  to  the  niunbier  maltipUed ;  heoee  the  filth  case  maj  be  regarded  aa  a 
diieet  eoBceqaenoe  of  the  flnt  and  third ;  aad  the  aizth,  aa  the  direct  eoiueqiieiiee  of  the 
•eeoadaod  fourth. 

To  illustrate  these  cases,  take  24  for  a  dividend  and  6  for 
a  divisor;  then  the  quotient  will  be  4,  and  the  several  changes 
may  be  represented  in  their  order  as  follows : 

DlTMend.  DiTlaor.  Qaotleni. 

24    -H   6    =   4 


1 


Ait    ,^    a    fi  /  Multiplying  the  diyidend  by  2  multiplies  Uie  quo- 

I     tient  by  2. 

n    fo  A    —    o  /  ^i^^i^  ^o  dividend  by  2  divides  the  quotient 

""       I    by  2. 

o     oj         19  o  /  Multiplying  the  divisor  by  2  divides  the  quotient 

8.   M    H-U    =    J|     ^y2. 

.     nj,  o  Q  /  I>ividiug  the  divisor  by  2  multiplies  the  quotient 

4.   24    -«-    3    =    8|     j^y2. 

AR        19    —    4./  Moltii^ying  both  dividend  and  divisor  by  2  does 

\     not  alter  the  quotient. 

lo^i^Q    —    4./  dividing  both  dividend  and  divisor  by  2  does  not 

I     alter  the  quotient. 

169.  These  six  cases  constitute  three  general  principles, 
which  may  now  be  stated  as  follows : 

PanrciPLES.  —  I.  Multiplying  tlie  dividend  multiplies  Hie  quo- 
Uentj  and  dividing  the  dividend  divides  (he  quotient. 

11.  Multiplying  the  divisor  divides  the  quotient,  and  dividing 
the  divisor  multiplies  the  quotient, 

m.  Multiplying  or  dividing  both  dividend  and  divisor  by  tlie 
same  number  does  not  alter  the  quotienL 

170.  These  three  principles  may  be  embraced  in  one  general 
law: 

General  Law.  —  A  change  in  Uie  dividend  produces  a  like 
change  in  the  quotient  ;  hut  a  change  in  the  divisor  produces  an 
OPPOSITE  change  in  the  quotietiL 

BOB.  NEW  mOBSR  AR.  — 6 
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171.  SuccessiTe  Division  is  the  process  of  dividing  one  num- 
ber by  another,  and  the  resulting  quotient  by  a  second  divisor, 
and  so  on.     It  is  the  reverse  of  continued  multiplication. 

172.  Successive  division  is  based  on  the  following  principles : 

Principles.  —  I.  If  a  given  number  is  divided  by  several 
numbers  in  successive  division,  the  result  toiU  be  the  same  as  if 
the  given  number  were  divided  by  the  product  of  tJie  several 
divisors  (§  125, 1). 

11.  T/ke  resuU  of  successive  division  is  the  same  in  whatever 
order  the  divisors  are  taken  (§  125,  II). 

CONTRACTIONS  IN  DIVISION. 

Examples. 

173.  To  abbreviate  long  division. 

We  may  avoid  writing  the  products  in  long  division,  and  obtain  the 
successive  remainders  by  the  method  of  subtraction  employed  in  the  case 
of  several  subtrahends  (§  87). 

1.   Divide  261249  by  487. 

opKSATioiT.  Solution.  —  Dividing  the  first  partial  dividend, 

Q«o-       2612,  we  obtain  6  for  the  first  term  of  the  quotient 
487)261249(536       We  then  multiply  487  by  6 ;  but  instead  of  writing 
177  the  product,  and  subtracting  it  from  the  partial 

313  dividend,  we  simply  observe  what  numbers  must 

217  Sem.  be  added  to  the  product,  as  we  proceed,  to  give  the 
terms  of  the  partial  dividend,  and  write  them  for  the  remainder  sought. 
Thus,  5  times  7  are  35,  and  7  (written  in  the  remainder)  are  42,  a  number 
whose  unit  term  is  the  same  as  the  right-hand  term  of  the  partial  divi- 
dend ;  5  times  8  are  40,  and  4,  the  tens  of  the  42,  are  44,  and  7  (written 
in  the  remainder)  are  51 ;  6  times  4  are  20,  and  5,  the  tens  of  the  51,  are 
25,  and  1  (written  in  the  remainder)  are  26.  We  next  consider  the 
whole  remainder,  177,  as  joined  with  4,  the  next  term  of  the  dividesd^ 
making  1774  for  the  next  partial  dividend.  Proceeding  as  before,  we 
obtain  313  for  the  second  remainder,  217  for  the  final  remainder,  and  536 
for  the  entire  quotient. 

KuLE.  —  I.  Obtain  the  highest  term  in  the  quotient  in  the  'usual 
manner. 

XL  Multiply  the  unit  term  of  the  divisor  by  this  quotient 
term,  and  write  sudi  a  number  in  the  remainder  as,  added  to  this 
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partial  product,  vnU  give  an  amount  having  for  its  unit  term  the 
first  or  rigJU-hand  term  of  the  partial  dividend  used, 

III.  Carry  the  tena^  term  of  the  amount  to  the  product  of  the 
next  term  of  the  divisor,  and  proceed  as  before,  till  the  entire 
remainder  is  obtained, 

IV.  Conceive  this  remainder  to  be  joined  to  the  next  term  of 
the  dividend  for  a  new  partial  dividend,  and  proceed  as  with  the 
former  till  the  work  is  finished. 

Divide: 

2.  77112  by  204.  %.  760592  by  6791. 

8,  65664  by  72.  8.  101443929  by  25203. 

4.  7913576  by  209.  9.  1246038849  by  269181. 

6.  6636584  by  698.  10.  2318922  by  56240. 

6.  4024156  by  8903.  11.  1454900  by  17300. 

174.  When  the  divisor  is  a  composite  number. 

1.  Divide  1242  by  54. 

Solution.  — The  component  factors  of  64  are  0  and  0. 

OPKRATIOK.  Y^^  jii^i^g  1242  by  6,  and  the  resulting  quotient  by  0, 

6)1242  and  obtain  for  the  final  result,  23,  which  must  be  the 

9)207  same  as  the  quotient  of  1242  divided  by  6  times  9,  or  54 

23  Ans     (S  ^^^'  ^)'    ^^  might  have  obtained  the  same  result  by 

'    diTiding  first  by  0,  and  then  by  6  (§  172,  II). 

Rule.  —  Divide  the  dividend  by  one  of  the  factors,  and  the 
quotievU  thus  obtained  by  another^  and  so  on  if  tJiere  are  more 
than  two  factors,  until  every  factor  has  been  made  a  divisor.  The 
last  quotient  wHl  be  the  quotient  required. 

What  is  the  value  of: 

2.  7315  H- 35.  7.  181440 -f- 504. 

3.  48384-1-54.  8.  101088 -^  972. 

4.  38850-*- 75.  9.  850500-5-180. 
6.   62937 -s- 189.  10.  155925-^2079. 
6.  182250  +  120.  11.  466560 -^  1296. 
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175.  To  find  the  true  remainder. 

If  remainders  occur  in  successive  division,  it  is  evident  that  the  troe 
remainder  must  bo  the  least  number  which,  subtracted  from  the  given 
dividend,  will  render  all  tho  divisions  exact. 

1.  Divide  5855  by  168,  using  the  factors  3,  7,  and  8,  and 
find  the  true  remainder. 

OFBBATiON.  SOLUTION.  —  Dividing  the  given  divi- 

3)5855  dend  by  3,  we  have  1951  for  a  quotient, 

7MQ^1  2      ^^^  ^  remainder  of  2.     Hence,  2  sub- 

2 tracted  from  5866  would  render  the  first 

8)278  ...  .5x3=  15     division  exact,  and  we  therefore  write  2 

o7         As/ 7     Q_io/;      for  a  part  of  the  true  remainder.    Divid- 
tJ4  .  .  OX  ^  X»5— IZD      .j^  jggj  yjy  7^  ^g  jj^^g  278  for  a  quo- 

True  remainder 143     tient,  and  a  remainder  of  5.    Hence,  6 

subtracted  from  1051  would  render  the 
second  division  exact.  But  to  diminish  1951  by  5  would  require  us  to 
diminish  1051  x  3,  the  dividend  of  the  first  exact  division,  by  5  x  3  =  15 
(§  123,  III)  ;  and  we  therefore  write  16  for  the  second  part  of  the  true 
remainder.  Dividing  278  by  8,  we  have  34  for  a  quotient,  and  a  remain- 
der of  6.  Hence,  6  subtracted  from  278  would  render  the  third  division 
exact.  But  to  diminish  278  by  6  would  require  us  to  diminish  278  x  7, 
the  dividend  of  the  second  exact  division,  by  6  x  7  ;  or  278  x  7  x  3,  the 
dividend  of  the  first  exact  division,  by  6  x  7  x  3  =  126 ;  and  we  therefore 
write  126  for  the  third  part  of  the  true  remainder.  Adding  the  three 
parts,  we  have  148  for  the  entire  remainder. 

BuLE.  —  I.  Multiply  each  partial  remainder  by  aU  the  pre- 
ceding  divisors, 

II.  Add  the  several  products;  the  sum  wiU  he  the  true  remain- 
der. 

Perform  the  division  by  factoring,  and  find  the  true  re- 
mainder. 

2.  439-^15.  9.  553 -s- 15. 

3.  4270-8-66.  10.  10183-1-105. 

4.  17856-1-72.  11.  10199 -f.  120. 

5.  15288-8-42.  12.  29795 -^  144. 

6.  972562 -f- 168.  13.  73522^-168. 

7.  526050 -*- 126.  14.  63844-1-135. 

8.  612360 -f- 105.  16.  386639-8-720. 
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176.  When  the  diyiaor  is  10, 100,  1000, 10000,  etc. 

If  we  cut  off  or  remove  the  right-hand  figure  of  a  number,  each  of  the 
other  figares  is  removed  one  place  toward  the  right,  and,  consequently, 
the  value  of  each  term  is  diminished  tenfold,  or  divided  by  10  (§  52).  For 
a  similar  reason,  by  cutting  off  two  figures  we  divide  by  100 ;  by  catting  off 
three^  by  1000,  etc. ;  and  the  figures  cut  off  will  constitute  the  remainder. 

1.  Divide  26825  by  1000. 

OPERATION.  SoLCTioK.  —  Siuoc  there  are  three  ciphers  in  the 

2QS25  -i- 1000  =        divisor,  we  cut  off  three  figures  from  the  dividend, 

oi>'ooe      na  »9R         which  constitute  the  remainder,  and  the  answer  is 
26i825  =  26,^^.      ^^,^ 

Rule.  — From  the  right  hand  of  the  dividend  cut  off  as  many 
figures  as  there  are  ciphers  in  the  divisor.  Under  the  figures  so 
cut  off  J  place  tlie  divisory  and  ike  whole  toiU  represent  the  quotient. 

Divide: 

2.  79  by  10.  6.  2301.05  by  10000. 

3.  7982  by  100.  6.  36000.36  by  1000. 

4.  4003  by  1000.  7.  2373.509  by  100. 

177.  When  tiiere  are  dphera  on  the  right  hand  of  the  divisor. 

I.  Divide  25548  by  700. 

opKRATiOK.  SoLUTioH.  —  Wc  resolve  700  into  the 

7100^255148  factors  100  and  7.      Dividing  first  by 

'     *    _J —  100,  the  quotient  is  266,  and  the  remain- 

36,  Quotient  3,  «d  rem.       ^er  48.     Dividing  266  by  7,  the  final 

3  X  100  4-  48  =  348   tme  r«m.  quotient  is  30,  and  the  second  remainder 

3.  Multiplying  the  last  remainder,  3, 
by  the  preceding  divisor,  100,  and  adding  the  preceding  remainder,  we 
have  300  +  48  =  348,  the  true  remainder  ($  176).  In  practice,  the  true 
remainder  may  be  obtained  by  prefixing  the  second  remainder  to  the  first. 

Rule.  —  I.  Cut  off  the  ciphers  from  the  rigid  of  the  divisor j 
and  the  same  number  of  figures  from  tJie  right  oftlve  dividend. 

II.  Divide  the  remaining  terms  of  tJie  dividend  by  the  remainr 
ing  terms  of  the  divisor y  for  Uie  final  quotient. 

III.  Prefix  the  remainder  to  the  figures  cut  off^  and  the  result 
wiU  represent  Uie  true  remainder. 
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Divide : 

2.  7856  by  900.  6.  436000  by  300. 

8.  13872  by  600.  7.  66472000  by  8100. 

4.  83248  by  2600.  8.  10818000  by  3600. 

6.  1548036  by  4300.  9.  9756.84  by  800. 

178.  When  the  figure  on  the  right  hand  of  the  diyiaor  is  5. 
1.   Divide  6545  by  55. 

OPERATION. 

55)    6545  Solution. — If  we  multiply  both  dividend   and 

2  o  divisor  by  2,  the  quotient  wUl  not  be  changed  (§  169, 

III),  and  we  shall  have  a  cipher  on  the  right  hand  of 


lljO  )1309|0  the  divisor.     We  then  proceed  to  divide  as  m  §  177. 


119  Ans. 

KuLE.  —  Multiply  both  dividend  and  divisor  by  2  and  proceed 
as  in  §  177. 

2.  83000  +  55.  5.   2020005 -h  50055. 

3.  24245-4-5555.  6.   341220^-2095. 

4.  1096234-1-4355.  7.   12156555 -t- 140655. 

179.   When  the  divisor  is  an  aliquot  part  of  some  higher  onit. 

1.  Divide  260  by  SJ,  and  1950  by  25. 

OPERATION.  Solution.  —  Since  3^  is  |  of  10  (§  140),  the  next  higher 
2610     19150  ^"''»  ^®  divide  260  by  10 ;  and  having  used  3  times  our 

Q  A         true  divisor,  we  obtain  only  ^  of  our  true  quotient.    Multi- 

plying  the  result,  26,  by  3,  we  have  78,  the  true  quotient. 

78        78  Since  26  is  I  of  100,  the  next  higher  unit,  we  divide  19&0 

by  100 ;  and  having  used  4  times  our  true  divisor,  the 
result,  10.6,  Is  only  \  of  our  true  quotient.  Multiplying  19.5  by  4,  we 
have  78,  the  true  quotient. 

Rule.  —  I.  Divide  the  given  dividend  by  a  unit  of  the  order 
next  higgler  tJian  tlie  divisor,  by  cutting  off  figures  from  tJie  rigid. 

II.  Take  as  many  times  this  quotient  as  tlie  divisor  is  con- 
tained times  in  the  next  higher  unit, 

2.  63475-4-25.  5.   16.7324 -4- 12f 

3.  7856-4-125.  6.   1748-t-14f 

4.  516-^333i.  7.   576.34 -s- 16|. 


CONTRACTIONS  IN   DIVISION. 


87 


180.  When  the  right-hand  figure  or  figures  of  the  diyisor  are 
an  aliqnot  part  of  10,  100,  1000,  etc. 

1.  Divide  26923661  by  12331- 


OPERATION. 

12331)2692366} 
3 3^ 

37|00  )  80771100  (2183  Ans. 
67 
307 
111 


Solution.  —  Since  33}  is  }  of  100,  we 
maltiply  both  dividend  and  divisor  by 
3  ({  169,  III),  and  we  obtain  a  divisor 
the  component  factors  of  which  are  100 
and  37.  We  then  divide  by  contracted 
divUiou  (§  173). 


OFBRATION. 

1875)  601387 
4  4 

7500)  2405548 
4 4 

3|0000)  962|2192 

S20{HiAn8. 


2.  Divide  601387  by  1875. 

Solution.  —  Multipljring  both  divi- 
dend and  divisor  by  4,  we  obtain  a  new 
divisor,  7600,  having  2  ciphers  on  the 
right  of  it.  Multiplying  again  by  4,  we 
obtain  a  new  divisor,  30000,  having  4 
ciphers  on  the  right.  Then  dividing 
the  new  dividend  by  the  new  divisor, 
we  obtain  320  for  a  qnotient,  and  22102 
for  a  remainder.  As  this  remainder  is 
a  part  of  the  new  dividend,  it  must  be 
4  X  4  =  16  times  the  true  remainder ;  we  therefore  divide  it  by  16,  and 
write  the  result  over  the  given  divisor,  1875,  and  annex  the  fraction  thus 
formed  to  the  integers  of  the  quotient. 

Rule. — I.  MuUiply  botli  dividend  and  divisor  by  a  number 
or  numbers  that  wiU  produce  for  a  new  divisor  a  number  ending 
in  a  cipher  or  ciphers. 

II.  Divide  the  ivew  dividend  by  Uie  new  divisor. 

NoTK.  —  irth«  dtrlBor  It  a  wboto  number,  the  multiplier  will  be  8,  4,  6,  or  8,  or  some 
multiple  of  one  of  tbeee  nnmben. 


Divide  : 

3.  64375  by  2575, 

4.  76394  by  3625. 

5.  7325  by  433^. 

Find  the  value  of: 

• 

9.  6225-f-66|. 

10.  134.24 -f- 187^. 

11.  22250-*- 125. 


6.  5736  by  43125. 

7.  42.75  by  566f. 

8.  24409375  by  21875. 

12.  234.95-4-175. 

13.  100000 -f- lllj. 

14.  2413.16 -^  625. 
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PKOOFS  OF  DIVI8I0H. 

181.   To  prore  division  by  mnltipliution. 

The  diTidend  is  a  product  of  which  the  divisor  uid  qooUent  an  facton. 

Rule.  —  MviUply  the  quotient  by  the  diviwr,  and  lo  the  pTodvd 
add  &e  remainder,  if  any.  If  the  result  ia  equai  to  the  dividend, 
the  work  is  correct. 

18S.  To  prove  dlvirion  by  cuting  ont  9'i. 
1.   Prove  by  excess  of  9*8  that  2076  +  22  =  94  with  a  re- 
majnder  of  7. 

OfiMATioH.  SoLDTiOH.  — The  ezc^M  of  9*8  in  UlS 

22^  2075  (94    exc  4  dlviaor  is  4  (§  77),  and  in  the  quotient 

'  ^ — '  4  ;  the  excess  In  their  product  16,  Is  7. 

*^*'*  *  Z  After  subtracting  the  remainder  from 

2U6S,  exc.  7.  the  dividend,  we  have  8066.  in  wbicli 

4  X  4  =  16,  exc.  7  in  prod.    ^«  «'<»««  ^^  "'»  is  also  7  j  hence  the 
answer  is  probablj  correct. 

Rule.  —  Find  the  excess  of  9*8  tn  the  quotient  and  diviaor 
and  take  their  product.  Cast  out  the  9's  from  this  product  and 
compare  tlie  result  with  tlie  excess  of  9's  in  the  dividend  after  the 
remainder,  if  any,  has  been  subtracted. 

163.  To  prove  division  l>y  casting  out  ll'a. 
1.   Prove  by  excess  of  ll's  that  2075  +  22  =  94   with  a 
remainder  of  7. 


22)  2076  (94,  exc.  =  4  +  (11)  -9  =  6. 

exc.  0 7 

2068,  8  -  8  =  0,  exc 
0x6  =  0,  exc.  in  prod. 

SoLOTiON. — Tike  eicesa  of  ll'a  in  the  divisor  is  0  (5  78),  and  in  the 
quotient  6;  their  product  is  0.  Subtracting  7  from  207u,  the  excess  of 
ll's  in  the  remaining  dividend  is  0,  hence  the  aitswer  is  probabij  correct. 
Role.  —  Find  tJie  excess  of  ll's  tn  the  quotient  and  divisor 
and  take  their  product.  Cast  out  the  ll's  from  tliis  product  and 
compare  the  result  with  the  excess  of  ll's  tn  the  dividend  after  the 
remainder,  if  any,  lias  been  subtracted. 
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184.  To  prove  diyision  by  Bumming  np  the  digits. 

1.  Prove,  by  summing  up  the  digits,  that  2076  -«-  22  =  94, 
with  a  remainder  of  7. 

OPEBATlOSr. 

99^  907"  /Oi  Solution.  —  Summing  up  the  digits  in  the 

£Z)  ^io  (^^4  diviaor,  the  result  is  4  (§  79),  and  in  the  quo- 

^   )_  -^^J  ^  tient>  4 ;  their  product,  16,  gives  the  final  digit 

2053  7.     Subtracting  the  remainder,  7,  from   the 

^     ^  __  ^g  ^,  -^  rr     divisor,  we  have  2068,  and  the  final  digit  of  this 

"^/^/•o  WW     ^  also  7,  hence  the  answer  is  probably  correct. 

2068,  final  digit,  7  ^  ' 

KuLB.  —  Sum  up  (he  quotient  and  divisor,  and  find  the  final 
digit  of  the  product.  Compare  with  the  final  digit  of  the  dividend 
after  Qie  remainder,  if  any,  has  been  suhtra/cted. 

Examples  Combining  the  Preceding  Rules. 

185.  1.  How  many  barrels  of  flour  at  96  a  barrel  will  pay 
for  24  tons  of  coal  at  9  4  a  ton,  and  36  tons  at  9  6  a  ton  ? 

2.  A  farmer  exchanged  his  farm  of  240  acres  for  another  of 
150  acres,  valued  at  9  40  an  acre.  What  was  the  value  per 
acre  of  the  farm  he  sold  ? 

3.  A  farmer  sold  some  wheat  for  9  600,  and  com  and  oats 
to  the  amount  of  9750.  With  the  proceeds  he  bought  120 
head  of  sheep  at  9  3  a  head,  one  pair  of  oxen  for  9  90,  and  25 
acres  of  land  for  the  remainder.  How  much  did  the  land  cost 
him  per  acre  ? 

4.  The  product  of  three  numbers  is  107100;  one  of  the 
numbers  is  42,  and  another  is  34.    What  is  the  third  number  ? 

6.  A  mechanic  earns  960  a  month,  but  his  necessary  ex- 
penses are  9  42  a  month.  How  long  will  it  take  him  to  pay 
for  a  farm  of  50  acres  worth  9  36  an  acre  ? 

6.  What  number  is  that  which  being  divided  by  45,  the  quo- 
tient increased  by  V  + 1,  the  sum  diminished  by  the  difference 
between  28  and  16,  the  remainder  multiplied  by  6,  and  the 
product  divided  by  24,  the  quotient  will  be  12  ? 

7.  If  532  is  the  quotient  of  a  number,  and  the  dividend  is 
251104,  what  is  the  divisor  ? 


8.  Of  what  number  ia  3042  both  divisor  and  quotient  ? 

9,  What  must  the  number  be  which,  divided  by  453,  will 
give  the  quotient  307,  &nd  the  remaiuder  109  ? 

10.  A  man  at  the  age  of  33  insured  his  life  in  favor  of  his 
wife  for  9  75000,  paying  9  2S  a  year  for  every  $  1000  of  in- 
suranca  How  much  insurance  did  he  pay  each  year?  He 
died  at  the  age  of  60.  How  much  did  the  sum  his  wife  re- 
ceived exceed  the  amount  the  man  had  paid  for  insurance? 

11.  If  a  tax  of  $  S  is  levied  in  a  town  on  every  $  1000  worth 
of  real  estate,  how  much  will  a  man  be  taxed  who  owns  real 
estate  worth  S  275500  ? 

12.  What  number  will  leave  a  remainder  of  10  when  sub- 
tracted 162  times  from  32572? 

13.  A  farmer  bought  an  equal  number  of  sheep  and  hogs 
for  9 1276.  He  paid  $  4  a  head  for  the  sheep,  and  $  7  a  head 
for  the  hogs.  What  was  the  whole  number  purchased,  and 
how  much  was  the  difference  in  the  total  cost  of  each  kind  of 
animal? 

14.  What  number  will  have  a  remjunder  of  36  if  subtracted 
25  times  from  19336  ? 

16.  A  drover  who  bought  a  cert^n  number  of  cattle  for 
1(9800,  sold  some  of  them  for  $7680,  at  S  64  a  head,  and 
gained  on  those  be  sold  9960.  How  much  a  head  did  he 
gain,  and  how  many  did  he  buy  ? 

16.  A  house  and  tot  valued  at  $1200,  and  6  horses  at  $95 
each,  were  exchanged  for  30  acres  of  land.  At  how  much  was 
the  land  valued  per  acre  ? 

17.  A  and  B  were  two  candidates  for  an  office.  A  received 
205623  votes  more  than  B,  and  the  total  number  of  votes  cast 
for  both  was  575249.     How  many  votes  did  each  receive? 

18.  Alaska  has  an  area  of  577390  square  miles  and  Delaware 
2050  square  miles.  How  many  states  the  size  of  Delaware 
could  be  made  out  of  Alaska,  and  how  many  square  miles 
would  remain  ? 

19.  The  product  of  two  nnmbers  is  65138400.  One  of  the 
numbers  is  31400;  what  is  the  other? 
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20.  If  16  men  can  perform  a  piece  of  work  in  36  days,  in 
how  many  days  can  they  perform  the  same  work  with  the 
assistance  of  8  more  men  ? 

21.  A  dealer  bought  275  lamps  for  9 1650,  and  sold  186  at 
99  each,  and  the  remainder  at  cost.  How  much  was  gained 
by  the  transaction  ? 

22.  A  grocer  wishes  to  put  840  pounds  of  tea  into  three 
kinds  of  boxes,  containing  respectively,  5, 10,  and  15  pounds, 
using  the  same  number  of  boxes  of  each  kind.  How  many 
boxes  can  he  fill  ? 

23.  Since  light  moves  192000  miles  a  second,  the  difference 
of  time  between  an  electric  shock  and  a  flash  of  lightning  is 
too  small  to  be  taken  into  account ;  but  sound  moves  only  1142 
feet  a  second.  If  you  hear  a  thunderclap  8  seconds  after  you 
see  a  flash  of  lightning,  how  many  miles  distant  is  the  shock, 
reckoning  5280  ft.  to  the  mile  ? 

24.  A  coal  dealer  paid  $  965  for  some  coal.  He  sold  160 
tons  for  $  5  a  ton,  and  then  the  remainder  cost  him  but  $  3  a 
ton.    How  many  tons  did  he  buy  ? 

25.  A  dealer  in  horses  paid  9  7560  for  a  certain  number,  and 
sold  a  part  of  them  for  9  3825,  at  9  85  each.  By  doing  so,  he 
lost  $  5  a  head.  For  how  much  a  head  must  he  sell  the  remain- 
der, to  gain  9  945  on  the  whole  ? 

26.  Mr.  Clarke  bought  a  western  farm  for  $22360,  and 
after  expending  9 1720  in  improvements  upon  it,  he  sold  one 
half  of  it  for  9 15480,  at  9 18  per  acre.  How  many  acres  of 
land  did  he  purchase,  and  what  was  the  total  cost  per  acre  ? 

27.  If  an  insurance  company  has  45  clerks  in  a  room  49  ft. 
by  110  ft,  what  is  the  average  amount  of  floor  space  for  each 
clerk  ? 

28.  If  the  rent  of  a  store  is  9 15000  a  year,  what  is  the 
averse  rental  per  day,  coimting  365  days  to  the  year  ? 

29.  The  product  of  three  numbers  is  12000.  The  first  is  25, 
and  the  product  of  the  first  by  the  second  2000.  What  are  the 
three  numbers  ? 
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186.  An  Ayerage  or  Mean  of  two  or  more  quantities  is  their 
sum  divided  by  the  number  of  quantities  added. 

Averaging  consists  of  two  distinct  processes,  as  follows : 

1.  The  process  of  finding  the  mean  or  average  value  of  two 
or  more  things  of  different  given  values. 

2.  The  process  of  finding  the  proportional  quantities  of 
articles  at  given  prices  or  values,  to  be  used  to  make  a  combi- 
nation of  a  given  average  value. 

Non.  —The  seoond  proeeBa  will  be  explained  on  p.  295,  under  "  AU^tkin  Altemjite.*' 

Examples. 

187.  To  find  the  average  value  of  things  of  different  vala«^. 

1.  A  miller  mixes  30  bushels  of  lye  worth  $  .75  a  bushel, 
and  20  bushels  of  com  worth  $  ,55  a  bushel,  with  10  bushels 
of  wheat  worth  $  .85  a  biishel.  What  is  the  value  of  a  bushel 
of  the  mixture  ? 

OPERATION.  Solution.  —  Since  30  bushels  of  rye 

tt  te:  Kx  QA      ^oo  K(\  ^^  ^'"^^  ^  bushel  are  worth  $22.50,  and 

o  Ik      OA          iT'aa  20  bushels  of  com  at  $.55  a  bushel 

9'OOX2{)=     11.00  are    worth    $11,   and    10    bushels   of 

$  .85  X  10  =        8.50  wheat   at   $  .86    a    bushel    are    worth 

60    \  ft  42  00  $8.50,    therefore   the   entire   mixture, 

/^       —  consisting  of  60  bushels,  is  worth  $42, 

9 .70  Ans.  and  one  bushel  is  worth  ^  of  $42,  or 

$42-^60  =  $.70. 

Rule.  —  Divide  tJie  entire  cost  or  voUue  of  the  ingredients  or 

quantities  by  their  sum, 
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2.  A  student  received  the  following  returns  from  an  exami- 
nation:  arithmetic,  98%  history,  95%;  geography,  100%;  gram- 
mar, 100% ;  drawing,  82%.     What  was  his  average  per  cent  ? 

Solution.  — 

^%  + 06% +100% +100% +  82%  =  476%;  475%+ 6  =  96%. 

3.  If  a  grocer  mixes  8  pounds  of  tea  worth  9 .60  a  pound 
with  6  pounds  at  $  .70  a  pound,  2  pounds  at  $  1.10,  and  4 
pounds  at  $  1.20,  what  is  1  pound  of  the  mixture  worth  ? 

4.  A  grocer  mixed  10  pounds  of  sugar  at  $  .04  a  pound, 
with  12  pounds  @  9  -04^  and  16  pounds  @  9 .05|.  He  sold 
the  mixture  @  9-06  a  pound.  Did  he  gain  or  lose,  and  how 
much? 

6.  On  a  certain  day  the  thermometer  registered  the  follow- 
ing averages :  from  6  to  9  a.m.,  64** ;  from  9  to  12,  74° ;  from 
12  to  3  P.M.,  84°;  and  from  3  to  6,  70°.  What  was  the  mean 
temperature  of  the  day  ? 

6.  The  register  of  attendance  of  a  certain  school  for  one 
week  was  as  follows :  Monday,  1050 ;  Tuesday,  1075 ;  Wednes- 
day, 985;  Thursday,  1010;  Friday,  1095.  What  was  the 
aven^  daily  attendance  for  that  week  ? 

7.  On  Sunday,  June  5,  the  temperature  in  New  York  City 
averaged  75°,  on  the  following  Monday  79°,  on  Tuesday  83°, 
on  Wednesday  85°,  on  Thursday  80°,  on  Friday  95°,  on  Satur- 
day 90°.     Find  the  average  temperature  for  the  week. 

8.  The  expense  account  of  an  agent  who  was  on  the  road 
for  five  days  was  9  6.95  the  first  day,  9  7.50  the  second  day, 
*5.00  the  third  day,  $8.75  the  fourth  day,  and  $10.00  the 
fifth  day.     What  were  his  average  daily  expenses  ? 

9.  The  quotations  on  oats  in  the  daily  paper  for  six  suc- 
cessive days  were  as  follows :  38  ^  per  bushel,  35  ^,  33  ^,  31  ^, 
34  ^,  35  ^.     Find  the  average  price  per  bushel  for  the  week. 

10.  If  a  man  buys  5  horses,  paying  for  them  respectively 
9  350,  9  275,  9 150,  $260.50,  and  9  375.50,  what  is  the  average 
price  he  pays  per  horse  ? 


SIGNS  OF  AGGREGATION. 


188.  When  we  wisli  to  indicate  that  Beveral  quantities  are 
to  he  subjected  to  the  same  operation,  we  inclose  them  in  one 
of  the  aigna  of  aggregaiion :  in  parenthesea  (  ),  in  braces  j  |,  is 

brackets  [  ],  or  under  a  Tinculum .     Such  quantities  are 

s^d  to  be  in  parenthesis  (§  32,  note). 

A  quantit;  In  parenthesia  must  be  changed  to  a  single  quanti^  b; 
ptrForuiing  the  operations  indicated.  When  there  is  one  parentiiesii 
wlthia  another,  the  inside  one  shmild  be  first  removed,  and  then  the  next, 
nntil  none  retnaina.  When  a  number  is  placed  before  a  parenthesis, 
brace,  or  bracket  witliout  any  sign,  the  sign  x  is  understood.  Tbus, 
6(3  +  2)  means  6  X  (3  4  2). 

Precedence  is  given  to  tJie  signs  x  and  +  over  the  signs  +  and  —  ; 
hence  the  operations  of  multiplication  and  division  should  always  be  per- 
lurued  before  addition  aikd  subtraction. 

Examples. 

189.  1.   Find  the  value  of. 

16 13  +  5)8  +  (9  +  6)  +  5  +  (12  X  3)  +  15^^t  +10-8] 


I.   15[3  +  6J8  +  {9  +  6)-i-6  +  (12x3)  +  15-3} 

+  10-8]  = 
II.   15[3  +  518  +  3  +  3G  +  12|  +  10-8]  = 

III.  15  [3 +  295 +  10 -8]= 

IV.  15  X  300  =  4500  Arts. 

Solution.  —  Removing  the  Inner  parentheses  (  )  and  vinculum  by  per- 
forming the  indicated  operations,  we  have  II.  Removing  the  braces  {  ), 
we  have  III.  Removing  the  brackets  [  ],  we  have  IV.,  and  multiplying 
300  by  16  as  indicated,  we  have  the  answer,  4000. 
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2.  Divide   648x(yx2»)-*-9-  (2910  -«- 15)   by  2863  -h 
}(4375-f-175)  x4«  +  3»}. 

OPBRATIOK. 

648  X  (3«  X  2») -*-9  -  (2910-hl5)  = 
648  X  (9  X  8)  -!-  9  - 194  = 
648x8-194  =  4990. 

2863 -^  {(4375  H- 175)  x  4«  +  3«}  = 
2863-8- {25x16  +  9}  = 
2863-8-409  =  7. 

4990  -h  7  =  712f  Ans. 

Rule.  —  Remove  aU  the  expressions  in  parenthesis  by  per- 
forming  the  operations  indicated^  beginning  with  the  inner 
parenthesis.  The  answer  to  the  last  operation  indiccUed  wHl 
be  the  value  of  the  expression. 

Find  the  value  of: 

3.  5  x  [13  +  2(3  +  4  x6)-h5]. 

4.  25  X  (6  X  3)  X  4  -  (9  X  8  +  90). 

6.    {200-8ir8  +  3>r9-8}^5. 

6.   8x(96-26)x(5x6)-13x30(5x4). 


7.  9x[3  +  16  +  5-*-3+{3  +  44x5  +  18-hG}+22 
-15]  X  8. 

8.  lOx  {16-4  +  3(2  +  8-2)+3x6(4-8-2)+8K10. 

9.  8x[3  +  T3T2-^3  +  {25T5  +  18l^6j^4+28T7]. 

10.  Multiply  675  -  (77  +  56)  by  (3  x  156)  -  (214  -  28). 

11.  Multiply  98  +  6  X  (37  +  50)  by  (64 -50)  X  5 -  10. 

12.  What  is  the  product  of : 
{(14x25)-(9x36)+4324{  by  {(280-112)+(376+42)x4}? 

13.  Divide  450+(24-12)x5  by  (90-f-6)+(3xll)-18. 

14.  Divide  25  x  (8»  +  ll)  -*-5  by  (225-8-15)  +  (12  +  30)  +  7 
+  (12  +  4) -8- 4. 
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190.  The  four  operations  that  have  now  beeo  considered, 
viz.,  Addition,  Subtraction,  Multiplication,  and  Division,  are 
all  the  operations  that  can  be  performed  upon  numbers,  hence 
they  are  called  the  FnndAmenUd  RuIm. 

In  all  cases,  the  numbers  operated  upon  and  the  results 
obtained,  sustain  to  each  other  the  relation  of  a  whole  to 
its  parts. 

I.    In  Addition,  the  nambere  added  are  the  puts,  and  the  sum  or 

amount  ia  the  whole. 

e  the  parts,  and 

III.  In  MoItipUcatiOD,  the  multiplicand  denotes  the  value  of  one  part, 
the  multiplier  the  number  of  parts,  and  the  product  the  total  T%Iue  of  the 
whole  number  of  parte. 

IV.  In  DiTiaion,  the  dividend  denotes  the  total  value  of  the  whole 
number  of  parts,  the  divisor  the  value  of  one  pari,  and  the  quotient  llie 
number  ol  parts;  or  the  divisor  the  number  of  parts,  and  the  quotient 
the  value  of  one  part. 

Every  example  that  can  possibly  occur  in  Arithmetic,  and 
every  business  computation  requiring  an  arithmetical  opera- 
tion, can  be  classed  under  one  or  more  of  the  four  Fundamental 
Kules,  as  follows : 

I.  Cases  requiiinz  addition. 

There  ma;/  be  given  To  JInd 

1.  The  parts,  the  whole,  or  the  sum  totaL 

2.  The  leas  of  two  numbeis  and  thi-ir  \ 

difference,   or   the    anbtiahend  |-thegreatcTnumberorthemiaueiid. 
and  remaiuder,  i 

da 


PROBLEMS.  97 

n.  Cases  requiring  subtraction. 

There  may  be  given  To  find 

1.  The  sam  of  two  nombers  and  one  1  ^   other 

of  them,  i 

2.  The  greater  and  the  less  of  two  \ 

numbers,  or  the  minuend  and  >  the  difference  or  remamder. 
sabtrahend,  j 

IlL  Cases  requiring  multiplication. 

There  may  be  given  To  fiml 

1.  Two  numbers,  their  product. 

2.  Any  number  of  factors,  their  continued  product. 
S.  The  divisor  and  quotient,  the  dividend. 

IV.  Caaes  requiring  diyiaion. 

There  may  be  given  To  find 

1.  The  dividend  and  divisor,  the  quotient. 

2.  The  dividend  and  quotient,  the  divisor. 

3.  The  product  and  one  of  two  fac- )  ^^  ^^^^^  ^^^^ 

tors,  j 

4.  The  continued  product  of  several  i 

factors,  and  the  product  of  all  >•  that  one  factor, 
but  one  factor,  J 

191.   Illustrate  the  following  problems  by  original  examples : 

1.  Given,  several  numbers,  to  find  their  sum. 

2.  Given,  the  sum  of  several  numbers  and  all  of  them  but 
one,  to  find  that  one. 

3.  Given,  the  parts,  to  find  the  whole. 

4.  Given,  the  whole  and  all  the  parts  but  one,  to  find  that 
one. 

5.  Given,  two  numbers,  to  find  their  difference. 

6.  Given,  the  greater  of  two  numbers  and  their  difference, 
to  find  the  less  number. 

7.  Given,  the  less  of  two  numbers  and  their  difference,  to 
find  the  greater  number. 

8.  Given,  the  minuend  and  the  subtrahend,  to  find  the 
remainder. 
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9.   Given,  the  minuend  and  the  remainder,  to  find  the  sub- 
trahend. 

10.  Given,  the  subtrahend  and  the  remainder,  to  find  the 
minuend. 

11.  Given,  two  or  more  numbers,  to  find  their  product. 

12.  Given,  the  product  and  one  of  two  factors,  to  find  the 
other  factor. 

13.  Given,  the  continued  product  of  several  factors  and  all 
the  factors  but  one,  to  find  that  factor. 

14.  Given,  the  factors,  to  find  their  product. 

16.  Given,  the  multiplicand  and  the  multiplier,  to  find  the 
product. 

16.  Given,  the  product  and  the  multiplicand,  to  find  the 
multiplier. 

17.  Given,  the  product  and  the  multiplier  to  find  the  mul- 
tiplicand. 

18.  Given,  two  numbers,  to  find  their  quotients. 

19.  Given,  the  divisor  and  the  dividend,  to  find  the 
quotient. 

20.  Given,  the  divisor  and  the  quotient,  to  find  the 
dividend. 

21.  Given,  the  dividend  and  the  quotient,  to  find  the  divisor. 

22.  Given,  the  divisor,  the  quotient,  and  the  remainder,  to 
find  the  dividend. 

23.  Given,  the  dividend,  the  quotient,  and  the  remainder, 
to  find  the  divisor. 

24.  Given,  the  final  quotient  of  a  continued  division  and  the 
several  divisors,  to  find  the  dividend. 

25.  Given,  the  final  quotient  of  a  continued  division,  the 
first  dividend,  and  all  the  divisors  but  one,  to  find  that 
divisor. 

26.  Given,  the  dividend  and  several  divisors  of  a  continued 
division,  to  find  the  quotient. 

27.  Given^  two  or  more  sets  of  numbers,  to  find  the  differ- 
ence  of  their  sums. 
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28.  Given,  two  or  more  sets  of  factors,  to  find  the  sum  of 
their  products. 

29.  Given,  one  or  more  sets  of  factors  and  one  or  more 
numbers,  to  find  the  sum  of  the  products  and  the  given  num* 
bers. 

30.  Given,  two  or  more  sets  of  factors,  to  find  the  difference 
of  their  products. 

31.  Given,  one  or  more  sets  of  factors  and  one  or  more 
numbers,  to  find  the  sum  of  the  products  and  the  given  number 
or  numbers. 

32.  Given,  two  or  more  sets  of  factors  and  two  or  more 
other  sets  of  factors,  to  find  the  difference  of  the  sums  of  the 
products  of  the  former  and  latter. 

33.  Given,  the  sum  and  the  difference  of  two  numbers,  to 
find  the  numbers. 

SoLUTioK.  —  If  the  difference  of  two  unequal  numbers  is  added  to  the 
less  number,  the  sum  will  be  equal  to  the  greater ;  and  if  this  sum  is 
added  to  the  greater  number,  the  result  will  be  twice  the  greater  number. 
Bat  this  result  is  obtained  by  adding  the  greater  number  to  the  less  plus 
the  difference,  or  by  adding  the  sum  of  the  two  numbers  to  their  differ- 
ence. Hence  the  sum  of  two  numbers  plus  their  difference  equals  twice 
the  greater  number.  Thus  the  sum  of  175  and  126  is  300,  and  their  differ- 
ence is  60.  The  less  number  126  -(-  the  difference  50  =  175,  the  greater 
number.  Adding  the  greater  number,  the  result  is  175  +  125  +  50  =  175 
+  176,  or  twice  the  greater  number.  But  since  175  -(- 125  =  the  sum  300, 
hence  300  +  60  =  2  times  the  greater  number. 

Again,  if  the  difference  of  two  numbers  is  subtracted  from  the  greater 
number,  the  remainder  will  be  equal  to  the  less  number ;  and  if  this 
remainder  is  added  to  the  liess  number,  the  result  will  be  twice  the  less 
number.  But  tliis  result  is  obtained  by  subtracting  the  difference  from 
the  greater  number  plus  the  less,  or  from  the  sum.  Hence  the  sum  of 
two  numbers  minus  their  difference  equals  twice  the  less  number.  Thus, 
175  -  50  =  126,  the  less  number.  Adding  125,  the  result  is  125  -(-175-50 
=  126  +  126,  or  twice  the  less  number.  Hence  300  —  50  =  twice  the  less 
number. 

Principles.  —  I.  The  sum  of  two  numbers  plus  tJieir  differ- 
ence is  equal  to  twice  tJie  greater  number. 

11.    The  sum  of  two  numbers  minus  their  difference  is  equal 
U?  twioe  the  less  number. 
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PSOBLBMS  INVOLVING  PRICE,  QUANTITY,  AND  COST. 

192.  In  transactions  involving  money  the  three  elements  of 
price,  quantity,  and  cost  must  be  considered. 

193.  The  Price  is  the  value  of  a  unit  of  any  article;  the 
Quantity  is  the  number  of  units  taken,  and  the  Cost  is  the  value 
of  the  whole  quantity. 

Hence  the  cost  is  a  product  whose  factors  are  the  price  and  quantity. 
The  cost  may  also  be  considered  as  a  dividend,  with  the  quantity  as  a 
divisor  and  the  price  as  a  quotient,  or  with  the  price  as  a  divisor  and  the 
quantity  as  a  quotient. 

Cost         =  price  X  quantity. 
Price       =  cost  -i-  quantity. 
Quantity  =  cost  -t-  price. 

194.  Given,  the  price  and  the  quantity,  to  find  the  cost. 

Solution. — Tlie  cost  of  3  units  must  be  three  times  the  price  of  1  unit; 
of  8  units,  eight  times  the  price  of  1  unit,  etc. 

Rule.  —  Multiply  the  price  of  one  by  tlie  quantity, 

195.  Giyen,  the  cost  and  the  quantity,  to  find  the  price. 

Solution.  —  By  §  194  the  cost  is  the  product  of  the  price  multiplied  by 
the  quantity.  Having  the  cost,  which  is  a  product,  and  the  quantity, 
which  is  one  of  two  factors,  we  have  the  product  and  one  of  two  factors 
given,  to  find  the  other  factor. 

BuLE.  — Divide  the  cost  by  the  quantity. 

196.  Giyen,  the  price  and  the  cost,  to  find  the  quantity. 

Solution.  —  Reasoning  as  in  §  195,  we  find  that  the  cost  is  the  product 
of  two  factors,  and  the  price  is  one  of  the  factors. 

Rule.  —  Divide  the  cost  by  the  price. 

197.  Given,  the  quantity,  and  the  price  of  100  or  1000,  to 

find  the  cost. 

Solution.  —  If  the  price  of  100  units  is  multiplied  by  the  number  of 
units  in  a  given  quantity,  the  product  will  be  100  times  the  required 
result,  because  the  multiplier  used  is  100  times  the  true  multiplier.  For 
a  similar  reason,  if  the  price  of  1000  units  is  multiplied  by  the  number  of 
units  in  a  given  quantity,  the  product  will  be  1000  times  the  required 
result.    These  errors  can  be  corrected  in  two  ways  : 
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1.  By  dividing  the  product  by  100  or  1000,  as  the  case  may  be. 

2.  By  reducing  the  given  quantity  to  hundreds  and  decimals  of  a 
handred,  or  to  thousands  and  decimals  of  a  thousand. 

Rule.  —  Multiply  the  price  by  the  quantity  reduced  to  hundreds 
and  decimals  of  a  hundred,  or  to  tliousanda  and  decimals  of  a 
thousand. 

NoTs.  —  In  busineM  transaotioDS  th«  Ronutn  nomeralfl  C  ao4  M  are  oommooly  used  to 
lodlotte  hundreds  and  thousands,  where  the  price  is  by  the  100  or  1000. 

198.  To  find  the  cost  of  artidee  sold  by  the  ton  of  SiOOO  pounds. 

Solution.  —  If  the  price  of  1  ton  or  2000  pounds  is  divided  by  2,  the 
(laoUent  will  be  the  price  of  \  ton  or  1000  pounds.  We  then  have  the 
quantity  and  the  price  of  1000  to  find  the  cost. 

Rule.  —  Divide  tJie  price  of  1  ton  by  2,  and  multiply  the  quo- 
tient by  the  number  of  pounds  expressed  as  ikousandths. 

Examples. 

199.  1.  What  will  be  the  cost  of  187  barrels  of  salt,  at 
9 1.32  a  barrel  ? 

2.  How  much  will  5  firkins  of  butter  cost,  each  containiug 
70  pounds,  at  9  -20  a  pound  ? 

3.  If  the  board  of  a  family  is  $  547.50  for  1  year,  how  much 
is  it  per  day  ? 

4.  What  is  the  yalue  of  140  sacks  of  guano,  each  sack  con- 
taining 162.5  pounds,  at  $  17  a  ton  ? 

6.   What  will  be  the  cost  of  3240  peach  trees,  at  $16  per 
hundred  ? 

6.  At  $  66.44  a  ton,  what  will  be  the  cost  of  842  tons  of 
railroad  iron  ? 

7.  A  man  purchased  a  farm  of  325  acres  for  $  10660.    How 
much  did  it  cost  per  acre  ? 

8.  What  will  be  the  cost  of  840  feet  of  plank,  at  $  2  per  C ; 
and  1262  pickets,  at  9 12  per  M  ? 

9.  If  I  pay  $  6.00  for  silk  costing  ^  .75  a  yard,  how  many 
yards  do  I  buy  ? 

10.  What  is  the  price  of  wheat  per  bushel,  when  24  bushels 
cost  $20.88? 


DIVISORS,  FACTORS,  AND  MULTIPLES. 


EXACT  DIVISORS. 

200.  An  Exact  Diyisor  of  a  number  is  one  that  will  divide  it 
without  a  remainder.  Since  division  is  the  reverse  of  multipli- 
cation, it  follows  that  all  the  exact  divisors  of  a  number  are 
factors  of  that  number,  and  that  all  its  factors  are  exact 
divisors. 

Nom.  —  1.  Every  number  Is  divisible  by  Itself  ftnd  unity ;  but  the  number  itself  and 
unity  are  not  generally  considered  as  fikctors,  or  exact  divisors  of  the  number. 

2.  An  exact  divisor  of  a  number  is  sometimes  called  a  measure  or  a  ntbmuiHple  of 
the  number. 

201.  An  Even  Number  is  a  number  of  which  2  is  an  exact 
divisor ;  as  2,  4,  6,  or  8. 

202.  An  Odd  Number  is  a  number  of  which  2  is  not  an  exact 
divisor ;  as  1,  3,  5,  7,  or  9. 

203.  A  Perfect  Number  is  one  that  is  equal  to  the  sum  of 
all  its  factors  plus  1;  as6  =  34-24-l,  or  28  =  14 +  7  +  44- 
2  +  1. 

NoTB. — The  only  perfect  numbers  known  are : 

6,  28,  496,  8128,  88550886,  8589869056, 18T488691828,  2805848008189968128, 
2417851639228158887731576,9908520814282971880448816128. 

204.  An  Imperfect  Number  is  one  that  is  not  equal  to  the 
sum  of  all  its  factors  plus  1 ;  as  12,  which  is  not  equal  to  6  +  4 
+  3  +  2  +  1. 

206.  An  Abundant  Number  is  one  which  is  less  than  the 
sum  of  all  its  factors  plus  1 ;  as  18,  which  is  less  than  9  +  6 
+  3  +  2  +  1. 

l(hi 
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206.  A  Defectire  Number  is  one  which  is  greater  than  the 
sum  of  all  its  factors  plus  1;  as  27,  which  is  greater  than 
9  +  3  +  1. 

807.  To  show  the  nature  of  exact  division,  and  furnish  tests 
of  divisibility,  observe  that  if  we  begin  with  any  number,  as  4, 
and  take  once  4,  two  times  4,  three  times  4,  four  times  4,  and 
so  on  indefinitely,  forming  the  series  4,  8, 12,  16,  etc.,  we  shall 
have  all  the  numbers  that  are  divisible  by  4;  and  from  the 
manner  of  forming  this  series,  it  is  evident  that : 

1.  The  product  of  any  one  number  of  the  series  by  any  integral  nam* 
ber  whatever,  will  contain  4  an  exact  nomber  of  times. 

2.  'llie  stim  of  any  two  numbers  of  the  series  will  contain  4  an  exact 
number  of  times. 

3.  The  d^erenee  of  any  two  will  contain  4  an  exact  number  of  times. 

Principles.  —  I.  Any  number  whicli  wiU  exactly  divide  one 
of  two  numbers  will  divide  their  product. 

II.  Any  number  which  wiU  exactly  divide  eadi  of  two  numbers 
wiU  divide  Uieir  sum. 

III.  Any  number  which  tciU  eoxLctly  divide  eacJi  of  two  numr 
hers  WiU  divide  their  difference. 

206.  From  these  principles  we  derive  the  following  facts  or 
properties  of  numbers : 

L  Any  number  terminating  with  0,  00,  000,  etc.j  is  divisible 

by  10, 100,  1000,  etc,  or  by  any  factor  of  10,  100,  or  1000. 

For,  by  cutting  off  the  cipher  or  ciphers,  the  number  will  be  divided 
by  10,  100,  or  1000,  etc.,  without  a  remainder  (§  17(5),  and  a  number  of 
which  10,  100,  or  1000,  etc.,  is  a  factor,  will  contain  any  factor  of  10, 100, 
or  1000,  etc.  (§  207,  I). 

II.  A  number  is  divisible  by  2  if  the  number  expressed  by  its 
right-hand  figure  is  even  or  divisible  by  2. 

For,  the  part  at  the  left  of  the  units*  place,  taken  alone,  with  its  local 
value,  is  a  number  which  terminates  with  a  cipher,  and  is  div^isible  by  2, 
because  2  is  a  factor  of  10 ;  and  if  both  parts,  taken  separately,  with 
their  local  values,  are  divisible  by  2,  their  sum,  which  is  the  entire 
number,  is  divisible  by  2  (f  207,  II). 

NoTB.  —  Henee,  sU  numbers  termtnatljig  with  0,  8,  4,  8|  or  8^  are  tven^  aad  all  numbera 
tflimiiiatlng  with  1, 8,  &,  7,  or  9,  are  odd. 
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IIL  A  number  is  divisible  by  4  if  the  number  expressed  by  its 
two  rigJUrhand  figures  is  divisible  by  4. 

For,  the  part  at  the  left  of  the  tens'  place,  taken  alone,  with  its  local 
value,  is  a  number  which  terminates  with  two  ciphers,  and  is  divisible  by 
4,  because  4  is  a  factor  of  100 ;  and  if  both  parts,  taken  separately,  with 
their  local  values,  are  divisible  by  4,  their  sum,  which  is  the  entire  num- 
ber, is  divisible  by  4  (§  207,  II). 

IV.  A  number  is  divisible  by  8  if  the  number  expressed  by  its 

three  right-hand  figures  is  divisible  by  8. 

For,  the  part  at  the  left  of  the  hundreds'  place,  taken  alone,  with  its 
local  value,  is  a  number  which  terminates  with  three  ciphers,  and  is  divis- 
ible by  8,  because  8  is  a  factor  of  1000,  and  if  both  parts,  taken  separately, 
with  their  local  values,  are  divisible  by  8,  their  sum,  or  the  entire  number, 
is  divisible  by  8  (§  207,  U). 

V.  A  number  is  divisible  by  16  if  the  number  expressed  by  its 
four  right-hand  figures  is  divisible  by  16. 

For,  the  part  at  the  left  of  the  thousands'  place,  taken  alone,  with  its 
local  value,  is  a  number  which  terminates  with  four  ciphers  and  is 
divisible  by  16,  because  10  is  a  factor  of  10000,  and  if  both  parts  taken 
separately  with  their  local  value  are  divisible  by  16,  their  sum  or  the 
entire  number  is  divisible  by  16  (§  207,  II). 

VI.  A  number  is  divisible  by  any  power  of  2,  if  as  many  of  the 
right-hand  terms  of  the  number  as  are  equal  to  the  index  of  the 
given  power  are  divisible  by  the  given  power. 

For,  as  2  is  a  factor  of  10,  any  power  of  2  is  a  factor  of  the  correspond- 
ing power  of  10,  or  of  a  unit  of  an  order  one  higher  than  is  indicated  by 
the  index  of  the  given  power  of  2  ;  and  if  both  parts  of  a  number,  taken 
separately,  with  their  local  values,  are  divisible  by  a  power  of  2,  their  sum, 
or  the  entire  number,  is  divisible  by  the  same  power  of  2  (§  207,  II). 

VII.  A  number  is  divisible  by  5  if  its  rigJit-hand  figure  is  0 
or  5. 

For,  if  a  number  terminates  with  a  cipher,  it  is  divisible  by  6,  because 
6  is  a  factor  of  10,  and  if  it  terminates  with  6,  both  parts,  the  units  and 
the  figures  at  the  left  of  units,  taken  separately,  with  their  local  values, 
are  divisible  by  5,  and  consequently  tlieir  sum,  or  the  entire  number,  is 
divisible  by  5  (§  207,  II). 

VIII.  A  number  is  divisible  by  25  if  the  number  expressed  by 
its  two  right-hand  figures  is  divisible  by  25. 


£XACT  DIVISORS.  105 

For,  the  part  at  the  left  of  the  tens*  place,  taken  with  its  local  value, 
is  a  number  terminating  with  two  ciphers,  and  is  divisible  by  26,  because 
25  is  8  factor  of  100,  and  if  both  parts,  taken  separately,  with  tiieir  local 
values,  are  divisible  by  25,  their  sum,  or  the  entire  number,  is  divisible 
by  25  (§  207,  II). 

IX.  A  number  is  divisible  by  any  power  of  5,  if  as  many  of  the 
right-hand  terms  of  tlie  number  as  are  equal  to  the  index  of  the 
given  poioer  are  divisible  by  (lie  given  power. 

For,  as  5  is  a  factor  of  10,  any  power  of  5  is  a  factor  of  the  correspond- 
ing power  of  10,  or  of  a  unit  of  an  order  one  higher  than  is  indicated  by 
the  index  of  the  given  power  of  5 ;  and  if  both  parts  of  a  number,  taken 
separately,  with  their  local  values,  are  divisible  by  a  power  of  5,  their 
Bum,  or  the  entire  number,  is  divisible  by  the  same  power  of  5  (§  207,  II). 

X.  A  number  is  divisible  by  9  if  the  sum  of  its  digits  is  divis- 
ible by  9. 

For,  if  any  number,  as  7245,  is  separated  into  its  parts,  7000  +  200 
+  40  +  5,  and  each  part  is  divided  by  9,  the  several  remainders  will  be 
the  digits  7,  2,  4,  and  5,  respectively  (§  77)  ;  hence,  if  the  sum  of  these 
digits,  or  remainders,  is  9,  or  an  exact  number  of  9*s,  the  entire  number 
must  contain  an  exact  number  of  9*s,  and  will  therefore  be  divisible  by  9. 
From  this  it  follows  also  that  every  number  is  an  exact  number  of  9*s 
plus  the  sum  of  its  digits  (§  77). 

XI.  A  number  is  divisible  by  3  if  the  sum  of  its  digits  is 

divisible  by  3. 

For  every  number  is  an  exact  number  of  9*8  plus  the  sum  of  its  digits 
(X  and  §77).  The  part  which  is  an  exact  number  of  0*s  is  divisible  by 
3 ;  hence  if  the  remainder,  which  is  the  sum  of  its  digits,  is  divisible  by  3 
the  whole  number  is  divisible  by  3.  Thus  357  =  (38  x  9)  +  3  +  5  +  7.  38 
x9or38x3x3is  divisible  by  3,  and  15  is  divisible  by  3,  hence  357  is 
divisible  by  3. 

XII.  An  even  number  is  divisible  by  6  if  the  sum  of  its  digits 

is  divisible  by  3. 

For,  the  number  is  divisible  by  3  because  the  sum  of  its  digits  is 
divisible  by  3,  and  it  is  divisible  by  2  because  it  is  even ;  hence,  it  is 
divisible  l^  3  x  2,  or  6  (§  172, 1). 

XIII.  A  number  is  divisible  by  11  wTien  the  sum  of  the  digits 

in  the  odd  place,  minus  the  sum  of  the  digits  in  the  even  pla^e,  is 

divisible  by  11,  or  is  0. 

For,  even  powers  of  10  are  multiples  of  11  plus  1  (100,  the  square  of 
10  =  9  x  II  +  1 ;    1000,  the  fourth  power  =  909  x  11  +  1,  etc.)  ;    odd 
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powers  of  10  are  multiples  of  11  -  1  (10,  tlie  fir.it  power  =  11  -  1 ;  1000, 
the  third  power  =  91  x  11  —  1,  etc.).  Therefore,  if  a  number  expressed 
by  a  digit  in  pji  odd  place  is  diyided  by  11,  the  remainder  will  be  equal  to 
that  digit ;  and  a  number  expressed  by  a  digit  in  an  even  place  will  lack 
that  digit  of  being  a  multiple  of  11. 

Thus,  in  3839  : 

3000  =  273  X  11  -  3. 

800  =    72  X  11  +  8. 

3J  =     3  X  11  -  3. 

9=      0x11  +  9. 

8  +  9-3-   3  =  17-6  =  11. 

Hence,  if  a  number  is  divided  by  1 1,  the  remainder  will  be  the  same  as 
if  the  sum  of  the  digits  in  the  odd  places  (increased  by  a  multiple  of  1 1  f f 
necessary),  minus  the  sum  of  the  digits  in  the  even  place,  were  divided 
by  11.     (See  §  78.) 

XIV.  A  number  is  divisible  by  a  composite  number,  when,  it  is 
divisible,  successively,  by  all  the  component  factors  of  the  com- 
posite number. 

For,  dividing  any  number  successively  by  several  factors.  Is  the  same 
as  dividing  by  the  product  of  these  factors  (§  172, 1). 

XV.  An  odd  number  is  not  divisible  by  an  even  number. 

For,  the  product  of  any  number  (odd  or  even)  by  an  even  number  is 
even  ;  and,  consequently,  any  composite  odd  number  can  contain  only  odd 
factors. 

XVI.  An  even  number  that  is  divisible  by  an  odd  number  is 

also  divisible  by  twice  that  odd  number. 

For,  if  any  even  number  Is  divided  by  an  odd  number,  the  quotient 
must  be  even,  and  divisible  by  2 ;  hence,  the  given  even  number,  being 
divisible  successively  by  the  odd  number  and  2,  will  be  divisible  by  their 
product,  or  twice  the  odd  number  (§  172,  I). 

XVII.  An  even  number  is  divisible  by  18  if  tlie  sum  of  its 

digits  is  divisible  by  9. 

For,  the  number  is  divisible  by  9  because  the  sum  of  its  digits  is  divisi- 
ble by  9  (X),  and  since  it  is  even  it  is  divisible  by  2  x  9  or  18  (XVI). 

XVIII.  An  even  number  is  divisible  by  22  if  the  sum  of  the 

digits  in  the  odd  lyloAX,  minus  the  sum  of  tJte  digits  in  Ute  even 

place,  is  divisible  by  11  or  is  0. 

For  the  number  is  divisible  by  11  (XIII)  ;  and  since  it  is  even  it  la 
divisible  by  2 ;  hence  it  is  divisible  by  2  x  11  or  22  (XVI). 
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209.  From  these  principles  we  summarize  the  folloMring 
tests  of  divisibility: 

2  is  an  ezsict  divisor  of  every  even  number. 

3  is  an  exact  divisor  of  a  number  if  the  sum  of  its  digits  is  divisible  by  3. 

4  Is  an  exact  divisor  of  a  number  if  the  number  expressed  by  its  two 

right-hand  figures  ia  divisible  by  4,  or  if  its  two  right-hand  figures 
are  ciphers. 

5  is  an  exact  divisor  of  a  number  if  its  right-band  figure  is  6  or  0. 

6  is  an  exact  divisor  of  an  even  number  if  the  sum  of  its  digits  is  divisible 

by  3. 

8  is  an  exact  divisor  of  a  number  if  the  number  expressed  by  its  three 

right-hand  figures  is  divisible  by  8,  or  if  its  tbree  right-hand  figures 
are  ciphers. 

9  is  an  exact  divisor  of  a  number  if  the  sum  of  its  digits  is  divisible  by  9. 

10  Lb  an  exact  divisor  of  every  number  whose  units'  term  is  0. 

11  is  an  exact  divisor  of  a  number  if  the  sum  of  its  digits  in  the  odd  places 

minus  the  sum  of  its  digits  in  the  even  places  is  divisible  by  11  or 
is  0. 

12  is  an  exact  divisor  of  a  number  divisible  by  both  3  and  4. 

15  is  an  exact  divisor  of  a  number  divisible  by  both  3  and  5. 

16  is  an  exact  divisor  of  a  number  if  the  number  expressed  by  its  four 

right-hand  figures  is  divisible  by  16,  or  if  the  four  right-hand  figures 
are  ciphers. 

18  is  an  exact  divisor  of  an  even  number  if  the  sum  of  its  digits  is  divisi- 
ble by  9. 

20  is  an  exact  divisor  of  a  number  divisible  by  6  and  4. 

22  is  an  exact  divisor  of  an  even  number  divisible  by  11. 

25  is  an  exact  divisor  of  a  number  if  the  number  expressed  by  its  two 
right-hand  figures  is  divisible  by  25,  or  if  its  two  right-hand  figures 
are  ciphers. 

210.  A  Prime  Number  is  one  that  cannot  be  resolved  or 
separated  into  two  or  more  integral  factors. 

Ncm.  —  Every  namber  must  be  eitb«r  prime  or  composite. 

To  find  all  the  prime  numbers  within  any  given  limit,  we  observe  that 
all  even  numbers  except  2  are  composite ;  hence,  the  prime  numbers  must 
be  sought  among  the  odd  numbers. 

N«>TK.  —  Evenr  prime  number  except  2  and  5  ends  with  1,  8,  7,  or  9. 

211.  If  the  odd  numbers  are  written  in  their  order,  thus, 
1,  3,  5,  7,  9, 11, 13, 15)  17,  etc.,  we  observe  that: 

1.  Taking  every  third  number  after  3,  we  have  3  times  3,  5  times  3, 
7  times  3,  and  so  on ;  which  are  the  only  odd  numbers  divisible  by  3. 

2.  Taking  every  fifth  number  after  5,  we  have  3  times  5,  5  times  5, 
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7  times  5,  and  so  on  ;  which  are  the  oa\y  odd  nnmbers  divbible  b;  &. 

And  the  same  will  be  true  of  eveiy  other  number  in  the  series.     Hence, 

3.  If  we  cancel  every  third  number,  counting  from  3,  no  number 
divisible  by  3  will  t>e  left ;  and  since  3  times  5  will  be  canceled,  6  times  5, 
or  26,  will  be  the  least  composite  number  left  in  the  series.     Hence, 

i.  If  we  cancel  every  Qfth  number,  counting  from  25,  no  namber 
divisible  by  6  will  be  left ;  and  since  8  times  T,  and  6  times  7,  will  be 
canceled,  7  times  7,  or  40,  will  be  the  least  composite  number  left  in  the 
series.     And  thus  with  all  the  prime  numbers. 

Rule.  —  I.    Write  all  llie  odd  namfters  in  their  naiural  order. 

II.  Cancel,  or  cross  out,  3  times  3,  or  9,  and  every  third  nwrn- 
ber  after  it;  5  times  5,  or  25,  and  every  fifth  number  after  it;  7 
times  7,  or  49,  and  every  aeventh  number  after  it;  and  so  on, 
beginning  with  tite  second  power  of  each  prime  namber  in  succes- 
sion, till  the  given  liinit  is  readied.  The  numbers  remaining, 
together  with  lite  number  2,  will  be  the  prime  numbers  required. 
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FACTORING. 

218.  The  Prime  Factors  of  a  number  are  those  numbers 
whose  product  is  the  given  number. 

213.  Factoring  is  based  on  the  following  principles : 

Principles.  —  I.  Every  prime  factor  of  a  number  is  an  exact 
divisor  of  thcU  number. 

II.  The  only  exact  divisors  of  a  number  are  its  prime  factorsj 
or  some  combination  of  its  prime  factors, 

Szamples. 

214.  To  resolre  any  composite  number  into  its  prime  factors. 
1.  What  are  the  prime  factors  of  114  ? 

OrSBATIOV. 

O]^^^  Solution.  —  Since  the  given  number  is  even,  we  divide 

^     by  2,  and  obtain  an  odd  number,  67,  for  a  quotient.    We 

57        then  divide  by  the  prime  numbers  3  and  19,  successively, 
and  the  last  quotient  is  1.    The  divisors,  2,  3,  and  10,  are 
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^^  I    ^^        the  prime  factors  required  (§  213,  II). 

2  X  3  X  19  Ans, 

Rule.  —  Divide  the  given  number  by  any  prime  factor;  divide 
the  quotient  by  another  prime  factor,  and  so  continue  the  division 
until  the  quotient  is  a  prime  number.  Hie  severed  divisors  and 
the  last  quotient  will  be  tJie  prime  factors  required. 

What  are  the  prime  factors  of : 

2.  2150?  4.   6300?  6.   2366?  8.   390625? 

3.  2445?  6.   21604?        7.   1000?  9.   999999? 

215.  Small  prime  factors  can  be  found  by  the  tests  (§  209) 
or  by  trial.    Others  may  be  found  by  the  table,  on  pp.  110,  111. 

By  prefixing  each  number  in  bold-face  type  in  the  column  of  **  Num- 
bers,** to  the  several  numbers  following  it  in  the  same  division  of  the 
column,  we  shall  form  all  the  composite  numbers  less  than  10000,  and  not 
divisible  by  2, 3,  6,  7,  or  11 ;  the  numbers  in  the  columns  of  ** Factors** 
are  the  least  prime  factors  of  the  numbers  thus  formed  respectively. 
Thus,  in  one  of  the  columns  of  **  Numbers**  we  find  39,  in  bold-face  type, 
and  below  39,  In  the  same  column,  is  77,  which,  annexed  to  39,  forms 
3977,  a  composite  number.  The  least  prime  factor  of  this  number  is  41, 
which  we  find  at  the  right  of  77,  in  the  column  of  ^*  Factors.** 


1 


DIVISORS,  FACTORS,   AND  MULTIPLES. 


FACTOR  TABLE. 
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30 

?7  33 

01  47 

69  17 

77  17 

19  17 

S 

89  »3 

"37 

41  13  !  09  13 

07  31 

3147 

3731 

7939 

48 

21  33 

23  17 

10 

37  19 

47  J3  ■  33  17 

13  33 

39  19 

63  59 

81  13 

11  17 

39  IJ 

4133 

59  29  !  37  43 

29  13 

73  33 

89  37 

19  61 

49  39 

n  13 

07  19 

77  19 

71  19  1  61  13 

43  17 

8159 

61  17 

93  33 

41  47 

61  59 

91  17 

2713 

91  37 

77  3' 

63  43 

1-7  .3 

7339 

99  53 

4339 

4 

3717 

16 

SI 

7331 

TI37 

St 

7741 

44 

47  37 

67  33 

7339 

3333 

17  39 

81  39 

77  17 

0:131 

7933 

27  19 

49  13 

87  17 

3719 

7913 

4:131 

19  13 

87  13 1  frr  19 

2313 

91  13 

2943 

63  33 

93  67 

81  .3 

81  33 

49  17 

47  19 

9933ISI 

51  53 

40 

3933 

S!>43 

SS 

9317 

11 

61  13 

.19  17. B«        1  1)3  39 

(i9  43 

09  19 

63  61 

C7  3" 

11  47 

5 

21  19 

7933 

7113  1  03  19     07  13 

87  17 

31:^ 

69  41 

S3  19 

17  13 

27  17 

39  17 

81  41 

73  41  1  23  43     27  53 

89  37 

3337 

71  17 

91  67 

21  17 

29^3 

47  31  1  91  .9 

83  37     27  37  1  31  3" 

!»!'S9 

43  13 

89  67 

97  59 

29  73 

3313 

57  13  '  17 

'M  13  ,  41  19  1  33  13 

36 

61  31 

4S 

49 

61  19 

59  19  1  03  13 

SS        1  (»  17  ■  ;^9  43 

01  13 

63  17 

11  >3 

01  13 

■•'3  53 

69  13 

89  39 

1139 

01  31   S7       1  49  47 

1133 

69  13 

31=3 

13  17 

69  33 

H9  19 

IS 

17  17 

09  47  !  01  37     61  33 

29  19 

8T61 

37  13 

27  13 

83  31 

6 

07  17 

3337 

LT  17     43  .3  !  61  39 

4941 

97  17 

41  19 

7913 

71  41 

11  13 

19  33 

31  33 

47  41  1  73  19 

.5313 

41 

5339 

81  17 

ni9 

29  17 

41  17 

113  <i 

4!l  13 

69  3-     !»  3. 

67  >9 

1733 

5947 

97  19 

fi7  33 

4739 

.fl39 

57  37 

71  17  '  97  33 

7913 

21  13 

7;!  17 

SO 

•4 

89  13 

(il  13 

81  13 

63  31 

7347   8S 

83  39 

77  33 

17  39 

29  6t 

97  17 

71  31 

18 

7943 

SB          11  13 

87 

63  33 

T9  19 

2947 

47  .3 

7 

73  19 

07  13 

91  39 

61'  S3  '  33  53 

71  43 

89  13 

41  71 

69  53 

OS  19 

IS 

1733 

M 

13  39     3!.  +1 

21  61 

81  37,48 

5331 

61  43 

13  33 

13  13 

19  17 

33  33 

;t7  37 

83  47 

01  43 

67  13 

T3I3 

31  17 

3331 

293. 

2T  13 

39  17     6.1  13 

43  19 

ST  33 

07  17 

6.161 

91  .7 

<iTi3 

3913 

43  19 

67  47  1  77  39 

4933 

89  59 

1931 

69  37 

9733 

79  19 

*3i7 

4943 

63  13 

69  19  ,  81  17 

.IT  13 

99  13 

3341 

83  13 

» 

93.3 

49  19 

63  17 

63  17 

73  13  '  8T  19 

63  53 

48 

lil  59 

SI 

13  37 

9917 

B7  33 

!H  3' 

69  J3 

81  43  '  "3  37 

81  19  1  23  41 

(.7  13 

11  19 

39  39 

8 

63  >9 

IS 

S4 

99  13    33 

91  17  1  3T  19 

8131 

23  47 

4333 

IT  19 

69  37 

0933 

1)7  39 

S9       '  IT  31 

90  39    47  31 

87  43 

49  31 

41  39 

87  19 

19  19 

13  19 

11  41     3T  47 

SB       1  67  17 

93  13 

"  53 

61  67 

61  J3 

SI  13 

31  17 

1941 

21  33     41  13 

09  13   4> 

!«37 

4337 

67  19 

71  13    U 

2741 

4931 

23  37  1  49  17 

11  37  1  03  13 

47 

49  19 

87  37 

93  19     03  33 

37.3 

61  33 

29  39     79  3- 

27  43  1  07  59 

09  17  1  til  13 

W»9 
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FACTOR  TABLE.  —  Continued, 
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. 

. 

1 

. 

. 

H 

U 

ii 

mbert 
itort. 

mbert 
)tors. 

mbers 
itors. 

mbers 
itors. 

mbert 
(tort. 

mbert 
itors. 

mbers 
itors. 

mbert 
Itors. 

0    3 

9    s 

1   s 

S3      S 

£    3 

s>    a 

9   s 

5      i 

5  a 

5    * 

E   a 

iQ    Pm      %    ^ 

^  £ 

SQ    ^ 

^    U. 

^  £ 

^      P4 

\^     S, 

{z;  (*< 

^  Pk 

^  ^ 

56       60 

3947 

51  13 

61  53 

57  13 

2371 

13  47 

61  53 

53  19 

59  13 

03  13     01  17 

43  17 

59  19 

67  13 

61  47 

27  23 

17  19 

67  17 

5947 

71  19 

09  71 

19  13 

63  23 

77  13 

77  19 

63  79 

33  29 

41  23 

73  19 

63  59 

73  17 

11  31     23  19 

67  29 

87  71 

7929 

9743 

47  13 

5379 

79  13 

69  13 

83  23 

1741     31  37 

87  13 

89  83 

89  37 

77 

51  83 

71  43 

81  83 

71  73 

97 

27  17     49  a3 

9343 

93  6x 

91  23 

09  13 

77  41 

7337 

91  17 

87  37 

01  89 

29  13    59  73 

9773 

69 

78 

2959 

83  59 

79  61  89 

99  17 

0331 

3343 

71  13  j  99  67 

01  67 

0367 

3971 

81 

83  17 

03  29  98 

07  17 

71  53 

77  59   66 

1331 

13  71 

47  61 

1923 

89  13 

0959 

01  71 

2771 

81  13   61        i  09  33 

29  13 

19  13 

51  23 

31  47 

97  29 

1737 

07  41 

31  37 

99  41 

03  17  ]  11  17 

31  29 

27  17 

69  17 

37  79 

86 

27  79 

1367 

61  43 

57 

07  31  '  27  61 

4353 

3941 

71  19 

43  17 

07  47 

47  23 

22  19 

63  13 

07  13 

0941     3347 

53  17 

61  17 

81  31 

49  29 

0967 

57  13 

47  13 

73  29 

13  39 

19  99     39  13 

73  19 

63  37 

83  43 

5331 

31  19 

59  17 

63  47 

9797 

2359 

37  17 

41  31 

89  29 

67  53 

87  13 

5i)  41 

49  83 

7747 

67  17 

99  41 

29  17 

5747 

67  79 

70 

7373 

78 

77  13 

51  17 

83  13 

79  83  J98 

50  13 

61  61 

83  29 

0347 

7947 

01  29 

89  19 

67  43 

89  89 

89  41 

09  17 

67  73 

69  31 

93  19 

69  43 

87  83 

0737 

62 

67  13 

93  17 

94 

27  31 

71  29 

7937 

66 

31  79 

91  19 

11  73 

0159 

79  23  90 

07  23 

41  13 

7323 

87  23 

13  17 

33  13    97  13 

13  13 

03  13 

87  31 

17  71 

09  97 

4743 

77  53  ,  91  41 

17  13 

37  31 

74 

31  41 

07  29 

93  13 

19  29 

51  13 

63  59 

68 

62 

23  37 

61  23 

0931 

37  17 

13  43 

86 

47  83 

69  17 

69  71 

0937 

27  13 

31  19 

67  37    21  41 

4947 

27  19 

11  79 

61  13 

81  19  j  81  41 

33  19 

3323 

41  29 

81  73     23  13 

59  29 

4973 

21  37 

71  47 

87  53 

93  13 

37  13 

39  17 

47  17 

87  19    29  17 

71  17 

51  37 

33  89 

7343 

96          99  19 

91  43 

41  79 

49  61 

93  41     39  43 

91  13 

57  23 

3953 

77  29 

03  13  99 

9371 

53  13 

67  59 

97  47     53  29 

9753 

79  17 

51  41 

8831 

0937 

13  23 

99  17 

83  61 

83  41 

9931 

63  17 

79 

9943 

63  17 

89  61 

17  31 

17  47 

69 

89  19 

9737 

71 

71  31 

1341 

88 

71  13 

91 

23  89 

37  19 

09  19 

68 

67 

11  13 

9359 

21  89 

03  19 

83  19 

01  19 

29  13 

43  61 

11  23 

1359 

07  19 

23  17 

76 

39  17 

21  53 

87 

13  13 

63  41 

63  37 

17  61 

1971 

3153 

41  37 

01  13 

43  13 

3.3  13 

11  31 

31  23 

57  19 

69  23 

21  31 

31  13 

38  23 

53  23 

19  73 

57  73 

3931 

17  23 

39  13 

63  73 

71  13 

33  17 

41  17 

49  17 

67  17 

31  17 

61  19 

41  19 

49  13 

43  41 

71  17 

79  17 

41  13 

71  23 

61  43 

63  13 

43  19 

67  31 

47  17 

59  19 

67  89 

77  61 

83  67 

47  19 

83  13 

57  29 

69  67 

71  67 

69  13 

57  61 

7331 

69  53 

89  43 

9197 

69  59 

64 

67  67 

71  71 

97  71 

7979 

59  13 

77  67 

79  67 

9353 

97  13 

63  67 

01  37 

73  13 

81  43 

76 

81  23 

81  17 

9159 

93  29 

99  29 

69  47 

03  19 

1«  13 

9923 

13  23 

91  61 

83  83 

97  19 

97  17 

96 

7743 

0743 

66 

72 

19  19 

99  19 

9937 

86 

92 

07  13 

8331 

09  13 

17  17 

01  19 

27  29 

80 

64 

01  13 

11  61 

17  59 

89  53 

3159 

21  19 

23  31 

31  13 

0353 

01  31 

0923 

17  13 

37  23 

93  13 

37  41 

4741 

41  13 

33  17 

21  13 

11  41 

4337 

23  23 

41  31 
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DIVISORS,   FACTOBB,   AND  MULTIPLES. 


216.   To  find  the  prime  fictora  of  a  nnmber  by  the  table. 

1.  Eeaolve  1849  into  its  prime  factors. 

ofEEATiOH.  Solution.  — Catting  oS  the  two  rigfal-hsod 

lg49  -J-  43  =  43  figurua  of  the  given  number,  we  find  Ibe  other 

1849  =  43  X  43  Ana  P^^  '^'  '"  '*■*  •*'^'^i  '"  bold-face  type  in  the 
tliird  coliiTnTi.  and  under  it,  In  the  taune  divi- 
■ion  of  the  colamn,  ne  find  49,  the  Qgures  which  were  cat  oB ;  at  tbe  tight 
of  49,  in  tlie  factor  colnma,  we  find  4.'1,  tlie  least  pntne  factor  of  the 
given  niunber.     Dividing  by  43,  we  obtain  43,  the  Other  factor. 

2.  Resolve  26877  into  its  prime  factors. 
SoLUTion,  —  We  find  b;  trial  that  the 

given  number  in  divisible  by  S  and  the  quo- 


26877 
8959 


3  X  17  X  17  X  31  Ans. 


tient  ia  6'.)6Q.  By  the  factor  table,  wa  find 
tlie  least  prime  factor  of  tbia  number  to  be 
IT  ;  dividing  by  17,  we  have  527  for  a  quo- 
tient. Referring  again  to  the  table,  we  find 
IT  to  be  the  least  factor  of  627,  &nd  the 
other  factor,  31,  is  prime. 


Bulk  —  I.  Cancel  from  the  given  nttmber  ail  factors  less  than 
13,  and  tlieiijind  the  remaining  factors  by  tfie  table. 

II.  If  any  number  less  than  10000  is  not  found  in  the  table, 
and  is  not  divisible  by  2,  3,  5,  7,  or  11,  it  is  prime. 

Resolve  into  their  prime  factors : 

3.  18902.  6.   203566.  7.   893235.         8.   6409. 

4.  352002.         6.   69843.  8.  390976.       10.   178296. 
217.   To  find  all  the  exact  dlvlsora  of  a  nnndter. 

All  the  prime  factors  of  n  number,  with  all  their  combiuationB,  yiiU 
conatltute  all  the  exact  divisora  of  that  number  (§  213,  II). 

1.   What  are  all  the  exact  divisors  of  360  7 


<2x2x2x3x3x5. 
}  ComblnRtions  of  1  and  2. 
^  I  "  "1  and  2  and  3. 

I)  "  "1  and  2  and  5. 

I  X  "1  and  2  and  3  and  6. 
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SoLcnoN. — By  §  214,  we  find  the  prime  factors  of  060  to  be  1,  2,  2, 
2,  3,  Si,  «nd  5.  As  2  occurs  three  times  as  a  factor,  the  different  com- 
binations of  1  and  2  by  whicli  360  is  divisible  will  be  1,  1x2  =  2, 
1x2x2  =  4,  and  1x2x2x2  =  8;  these  we  write  in  the  first  line. 
Multiplying  the  first  line  by  3  and  writing  the  products  in  the  second 
line,  and  the  second  line  by  3,  writing  the  products  in  the  third  line, 
we  hare  in  the  first,  second,  and  third  lines  all  the  different  combinations 
of  1, 2,  and  3,  by  which  360  is  divisible.  Multiplying  the  first,  second, 
and  third  lines  by  5,  and  writing  the  products  of  the  fourth,  fifth,  and 
sixth  lines,  respectively,  we  have  in  the  six  lines  together,  every  combi- 
nation of  the  prime  factors  by  which  the  given  number,  300,  is  divisible. 

2.   What  are  all  the  exact  diyisors  of  960  ? 

OPBUATION. 

960  =  1x2x2x2x2x2x2x3x5. 


Am». 


1,2,4,     8  ,    16  ,    32  ,    64  Combinations  of  1  and  2. 
3  ,    6  ,  12  ,    24  ,    48  ,    9fS ,  n)2  •*  "  1  and  2  and  3. 

6  ,  10  ,  20  ,    40  ,    80  ,  160  ,  320  •*  "  1  and  2  and  5. 

15  ,  30  ,  60 ,  120  ,  240  ,  480  ,  060  ««  ««  1  and  2  and  3 

and  5. 


Rule.  —  I.   Resolve  the  given  nuinber  into  its  prime  factors, 

II.  Form  a  series  having  1  for  the  first  temiy  that  prime  fa/Uor 
whidi  occurs  the  greatest  number  of  timss  in  the  given  number  for 
the  second  term,  the  square  of  this  factor  for  tJie  third  term,  and 
90  onj  tUl  a  term  is  reached  containing  this  factor  as  mxiny  times 
as  it  occurs  in  the  given  number. 

III.  Multiply  the  numbers  in  this  line  by  another  fa/Aor,  and 
these  results  by  the  same  factor,  and  so  on,  as  many  tim.es  as  Uiis 
factor  occurs  in  the  given  number, 

IV.  Multiply  all  the  combinations  now  obtained  by  another 
factor  in  continued  multiplication,  and  thus  proceed  till  all  the 
different  factors  have  been  used.  All  the  combinations  obtained 
win  be  the  exact  divisors  sought. 

Find  all  the  exact  divisors  of: 

3.  36.  6.   84.  9.   100.  12.  420. 

4.  60.  7.   90.  10.   125.  13.   365. 
6.   120.           8.  45.           11.    150.           14.   1050. 
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GBBATBST  COIOiOH  DIVISOB. 

218.  A  Common  IHTiBor  of  two  or  more  numbers  is  a  mimber 
that  will  exactly  divide  each  of  them. 

219.  The  Greatest  Common  Divisor  of  two  or  more  Dambers 
is  the  greatest  aumber  that  will  exactly  divide  each  of  them. 

220.  Nudibers  Prime  to  each  otiier  are  snch  as  have  no  com- 
mon divisor. 


Bnmpl^. 

221.  To  find  the  greatest  common  divisor  when  the  nnmhers 
can  be  readily  factored. 

It  ia  evident  that  if  several  mimben  have  a  cooimon  dhri9or,~they  may 
all  be  divided  by  any  component  factor  of  this  divisor,  atid  the  resnmng 
quotients  by  another  cumponeut  factor,  aud  so  on,  till  all  the  component 
faclOTa  have  been  used. 

1.   What  is  ttie  greatest  common  divisor  of  28, 140,  and  420? 

opERATion.  SoLtiTinM.  —  We  fvadily  see  that  7  will  exactly 

140     420         divide  each  of  the  given  numbere;  and  then,  4  will 

— _--  exactly  divide   each  of  the  reaulring   quotients. 

■^0       ■"*  Hence,  each  of  the  given  nnmbeiB  can  be  exactly 

a        -tti         divided  by  T  limes  4  ;  and  these  Dnmben  must  be 

component  factors  of  the  greatest  common  divisor. 


4  X  7  ^  28  AiiS.      Kow,  if  there  were  any  other  component  factor  of 

the  greatest  common  diviaor,  the  quotients,  1, 6, 

and  15,  would  be  divisible  by  It.    But  these  qnotients  are  prime  to  each 

otber  i  therefore,  T  and  4  are  all  the  component  factors  of  tbe  grealert 

common  divisor  sought. 

UuLB.  —  I.    Write  ilie  numbera  in  a  line,  and  divide  by  any 
factor  oommnn  to  ail  the  numbers. 

II,  Divide  the  quotients  in  like  manner,  and  continve  the  divi- 
sion till  a  set  of  quotients  ia  obtained  that  are  prime  to  eadh  other. 

III.  Multipl;/  all  the  divisors  together,  and  the  product  tciU  be 
the  greatest  common  divisor  aougld. 
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What  is  the  greatest  common  divisor  of: 

2.  40,  75,  and  100  ?  7.  42,  63, 126,  and  189  ? 

S.   18,  30,  36,  and  42  ?  8.  135,  225, 270,  and  315  ? 

4.  102  153,  and  255  ?  9.  2520  and  3240? 

5.  756  and  1575?  10.  1428  and  1092? 

6.  182,  364,  and  455  ?  11.  1008  and  1036? 

12.  84, 126,  210,  252,  294,  and  462  ? 

13.  .216,  360,  432,  648,  and  936  ? 

222.  To  find  the  ^greatest  common  diyisor  when  the  numbers 
oumot  be  readily  factored. 

Principles.  —  I.   An  excust  divisor  divides  any  number  of 
times  Us  dividend  (§  207,  I). 

II.  A  common  divisor  of  two  ntmibers  is  an  exact  divisor  of 
their  sum  (%  207,11), 

III.  A  camm^on  divisor  of  two  numbers  is  an  exact  divisor  of 
(heir  difference  (§  207,  III). 

1.  What  is  the  greatest  common  divisor  of  527  and  1207  ? 


OPlTRATIcm. 

1207 


527 
459 


68 

6« 


2 
3 
2 
4 


153 

136 


SoLtTTioN,  — We  shall  first  describe  the  proc- 
ess, and  then  examine  the    reasons    for   the 
10S4  several  steps  in  the  operation.    J)rawiDg  two 

vertical  lines,  we  plaee  the  greater  number  on 
the  right,  and  the  less  number  on  the  left,  one 
line  lower  down.  We  then  divide  1207,  the 
17  Ans.  greater  number,  by  627,  the  less,  and  write 
the  quotient,  2,  between  the  vertical  lines,  the 
product,  1054,  opposite  the  less  number  and  under  the  greater,  and  the 
remainder,  153,  below.  We  next  divide  527  by  this  remainder,  writing 
the  quotient,  3,  between  the  verticals,  the  product,  459,  on  the  left,  and 
the  remainder,  68,  below.  We  again  divide  the  last  divisor,  153,  by  68, 
and  obtain  2  for  a  quotient,  136  for  a  product,  and  17  for  a  remainder, 
all  of  which  we  write  in  the  same  order  as  in  the  former  steps.  Finally, 
dividing  the  last  divisor,  68,  by  the  last  remainder,  17,  we  have  no 
remainder,  and  17,  the  last  divisor,  is  the  greatest  common  divisor  of  the 
given  numbers. 

Now,  observing  that  the  dividend  is  always  the  aum  of  the  product  and 
remainder,  and  that  the  remainder  is  always  the  difference  of  the  dividend 
and  product,  we  first  trace  the  work  in  the  reverse  order,  as  indicated  by 
the  arrow  line  in  th<e  diagram  on  p.  116. 
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17  divides  03,  m  provided  bji  the  last 

1207     division ;  it  will  also  divide  2  times  es,  or 

130  (I).    Now,  as  IT  divides  both  itself 

and  130,  it  will  divide  163,  their  suai 

(II).    It  will  also  divide  3  times  lb.%  or 

I  g  459  (I)  ;  and  since  It  is  a  common  divisor 

9  I ]     153    of  459  and  68,  it  must  divide  iheir  sum, 

527,  which  is  one  of  the  given  numbere. 
a    I I      inn     It  wlll  hIso  divide  2  times  627,  or  1054 

1(1)  ;  and  since  it  is  a  common  divisor  of 
4  1054  and  l&i,  it  ain.-it  divide  their  snm, 

" ^         1-7     1207,  thegreawr  number  (II).    Hence,  IT 

is  a  common  divisor  of  tbe  given  numbers. 
Again,  tracing  the  work  in  the  direct  order,  as  indicated  in  the  follow- 
lowing  diagram,  we  know  that  the  great' 
mmon  divisor,  whatcter  it  mag  bt, 
divide  2  times   627,  or   1064   (I). 
And  since  it  will  divide  both  1064  and 
120T,  it  must  divide  their  difference,  163 
(111).    It  will  also  divide  3  Umes  153,  or 
153    45<*  (I) ;  &■">  Bs  it  will  divide  both  469 
and  527,  it  must  divide  their  difference, 
(III).     It  will  also  divide  2  times  66, 
13Q  (I)  ;  and  as  it  will  divide  both  136 
and  153,  it  must  divide  their  difference, 
){   be    greater 


1054 


^  1207    . 


1054 


130   , 


f       17    IT  (III);    henet, 
than  IT. 
Thus,  we  have  ahown,  first,  that  1-T  la  i 
numbers,  and  second,  that  their  greatest 
may  be,  cannot  be  greater  than  IT.     Hence  it 


diviaor  of  the  given 
divisor,  whatever  it 
be  IT. 


This  work  may  also  be  indicated  by  the  ordinary  form  of  division  : 


OPERlTtON. 

627)1207(2 
1054 
153)627(3 
459 
68)153(2 
136 
17)68(4 


—  Th» raelhod  In  thlic 
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BuLE.  —  I.   Divide  the  greater  number  by  tJie  less. 

II.  If  tJiere  is  a  remainder  divide  the  preceding  divisor  by  it, 
and  so  continue  until  there  is  no  remainder;  tJie  last  divisor  will 
be  the  greatest  common  divisor  sought, 

III.  If  more  than  two  numbers  are  given,  first  find  the  greatest 
common  divisor  of  two  of  them,  and  then  of  this  divisor  and  one 
of  the  remaining  numbers,  and  so  on  to  tlie  last;  the  last  common 
divisor  found  mill  be  the  greater  common  divisor  required, 

NoTBB.  —  1.  When  more  then  two  numbers  are  given,  it  is  better  to  begin  with  the 
lessttwo. 

i.  If  at  any  point  in  the  operation  a  prims  namber  occurs  as  a  remainder,  it  must  be  a 
cummon  divisor,  or  the  given  numbers  have  no  common  divisor. 

2.   What  is  the  greatest  common  divisor  of  10661  and  12303  ? 

OPERATION. 

12303 


10661 
9852 


Prime     809 


1 
6 


10661 


1642 


Ans.  1. 


What  is  the  greatest  common  divisor  of : 


3.  336  and  812? 

4.  407  and  1067? 

5.  825  and  1372? 

6.  2041  and  8476? 

7.  3281  and  10778  ? 

8.  22579  and  116939  ? 


9.  49373  and  147731  ? 

10.  18607  and  417979  ? 

11.  1005973  and  4616175  ? 

12.  292, 1022,  and  1095  ? 

13.  4718,  6951,  and  8876  ? 

14.  141,  799,  and  940  ? 


15.  A  farmer  wishes  to  put  364  bushels  of  corn  and  455 
bushels  of  oats  into  the  least  number  of  bins  possible,  that 
shall  contain  the  same  number  of  bushels  without  mixing  the 
two  kinds  of  grain;  what  number  of  bushels  must  each  bin 
hold? 

16.  A  man  having  a  triangular  piece  of  land,  the  sides  of 
which  are  165  feet,  231  feet,  and  385  feet,  wishes  to  inclose  it 
with  a  fence  having  panels  of  the  greatest  possible  uniform 
length ;  what  will  be  the  length  of  each  panel  ? 
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17.  B  haa  $  62U,  C  S 1116,  ami  !>  $  1188,  with  which  they 
a^ee  to  pmchase  horses,  at  the  highest  price  per  head  that 
will  allow  each  man  to  invest  aJl  his  money  j  how  many  horses 
can  each  man  purcliase  ? 

18.  How  many  rails  will  inclose  a  field  14599  feet  long  by 
10361  feet  wide,  if  the  fence  is  straight,  and  7  rails  high,  and 
the  niila  of  eqvial  length,  and  the  Jongest  that  can  be  used  ? 

19.  Ahaa912(>,  B  $210,  andO  S3^.  Tbey  i^ree  to  pur- 
chase cows  at  the  higbest  price  per  bead  tbat  will  allow  each 
man  to  invest  all  his  money.  What  price  must  tbey  pay  and 
how  many  cows  cui  each  purcliaae  ? 

20.  A  vill^^  street  ia  332  rods  long ;  A  owns  124  rods  front, 
B  lie  rods,  and  C  92  rods ;  tbey  agree  to  divide  their  land  into 
equal  lots  of  the  largest  size  tliut  will  allow  each  one  to  form 
an  exact  number  of  lots.     What  will  be  tlie  width  of  the  lots  ? 

21.  A  speculator  has  3  fields,  the  first  containing  18,  the 
second  24,  and  the  third  40  acres,  which  he  wishes  to  divide 
into  tKe  largest  possible  lota  having  the  same  number  of  acres 
in  each.     How  many  acres  will  there  be  in  each  lot  ? 

22.  A  farmer  had  231  bushels  of  wheat  and  273  bushels  of 
oats,  which  he  wished  to  put  into  tlie  least  number  of  bins 
containing  the  same  number  of  bushels  without  mixing  the 
two  kinds.     What  number  of  bushels  must  each  bin  hold  ? 

23.  A  street  .199  ft.  long  and  35  ft.  wide  is  to  be  paved  with 
square  flagstones  of  equal  size,  and  as  large  as  possible.  How 
long  and  wide  must  each  flagstone  be  ? 

24.  A  forwarding  meribant  haa  2722  bushels  of  wheat, 
1822  bushels  of  com,  and  1226  bushels  of  oats,  which  he  wishes 
to  forward  in  the  fewest  bags  of  equal  size  that  will  exactly 
hold  any  of  the  three  kinds  of  grain.  How  many  bags  will  it 
take'i" 

S5.  A  man  having  on  deposit  $  182,  $  234,  and  9  390  respec- 
tively in  3  diiferent  banks,  wishes  to  draw  out  the  whole  in 
equal  sums  as  large  as  possible.  What  is  the  greatest  sum  for 
which  he  must  di'aw  his  cheeks  ? 
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LEAST  COMMOH  MULTIPLS. 

223.  A  MioUiple  is  a  number  exactly  divisible  by  a  given 
number ;  thus,  20  is  a  multiple  of  4 

NonL — A  multiple  i«  Deoeaaarfly  oomposite;  a  diTlsor  may  be  either  prime  or  com- 
poaifte.    A  Boraber  is  a  diviaor  of  «U  iU  multiples  and  a  multiple  of  all  its  divisors. 

224.  A  Common  Multiple  is  a  number  exactly  divisible  by 
two  or  more  given  numbers. 

NoTS.  —  A  eommon  maltlple  of  numbers  may  be  found  by  finding  their  product. 

225.  The  Least  Common  Multiple  of  two  or  more  numbers  is 
the  least  number  exactly  divisible  by  those  numbers ;  thus,  24 
is  the  least  common  multiple  of  3,  4,  6,  and  8. 

Examples. 

226.  To  find  the  least  common  multiple. — First  method. 

L   A  multiple  of  a  number  must  contain  aU  its  prim£  factors, 
II.   A  common  multiple  of  two  or  more  num,bers  muM  contain 

ail  the  prime  factors  of  each  of  tliose  numbers. 

IIL    Tlie  least  common  multiple  of  two  or  mx>re  numbers  must 

contain  all  Uie  prims  factors  of  each  of  those  numbers^  and  no 

other  factors,   • 

I.  Find  the  least  common  multiple  of  63,  66,  and  78. 

OPERATION.  SoLDTiox. — The  num- 

'^g  __  2  v  3  X  13  ^^  cannot  be  less  than 

yw, 9  V  Q      1 1  ^^»  because  it  must  con- 

^  ~  Q       Q  tain 78;  andif  itcontains 

63  =  3  X  3  X    7  7g^  it  must  contain  all  its 

2x3x13x11x3x7  =  18018  Ans.     prime  factore,  viz.:  2x3 

X  13.  We  here  have  all 
the  prime  ^tocs,  and  also  all  factors  of  66  except  11.  Annexing  11  to 
the  series  of  factors  we  have  2  x  3  x  13  x  11,  all  the  prime  factors  of  78 
and  66,  and  all  the  factors  of  63  except  one  3,  and  7.  Annexing  3  and  7  to 
the  series  we  have  2x8x13x11x3x7,  all  the  prime  factors  of  each 
of  the  given  nambers,  and  no  others.  The  product  of  this  series  of  fac- 
tors is  the  least  common  maltiple  of  tlie  numbers  (III). 

BuLE.  —  I.   Resolve  the  given  numbers  into  their  prims  fajdors. 

II.  Find  ilie  product  of  aM  the  prime  factors  of  tJie  largest 
number,  and  such  prims  factors  of  tJie  other  numbers  as  are  not 
found  in  the  largest  number. 


{ 


2 

i    9 

12 

18 

36 

•2 

2    9 

6 

9 

IS 

3 

9 

3 

9 

9 

S 

3 

3 

3 
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237.  To  find  the  least  common  multiple.  —  Second  method. 

1.  What  is  the  least  common  multiple  of  4, 9, 12, 18,  and  36  ? 
SoLnnoif. — We  first  write  the  given 

DQiDbers  In  s  series  with  a  veiUcal  line 
at  the  left.  Since  2  Is  a  factor  of  tome  of 
the  given  iiambets,  it  mast  be  a  factor  of 
the  least  common  multiple  son^t  (g  •lit, 
III).  Dividing  as  mauy  of  the  nnmbets 
2x  2  X  3  X  3  =  36  Ans.  •"  *™  divisible  by  2,  we  write  the  quo- 
tients, and  the  unilivided  number,  9,  in  a 
line  UDderiieath.  Now,  aince  some  of  tlie  numben  in  the  second  line 
contain  the  factor  2,  tlie  least  common  multiple  must  contain  another  3. 
and  we  again  divide  by  2,  omitting  to  write  any  quotient  when  it  is  1. 
We  nest  divide  hy  3  for  a  like  reason,  and  again  by  .S.  By  thiit  process 
we  have  iranateired  all  the  factors  of  each  of  the  numbers  to  the  left  o( 
the  vertical  line ;  and  their  product,  36,  must  be  the  least  common  nmltiide. 

2.  What  is  the  least  common  multiple  of  20, 12, 15,  and  75? 

SoLiiTtoM.  —  We  readily  see  that 
2  and  5  are  among  tlie  faclocs  of  the 
givtn  iiutiiberR,  and  must  be  facton 
of  thek-SHtcommoninuUiple  ;  henoe, 
writings  and  &  at  the  left,  we  divide 
,  eveiy  numlwr  that  is  divisible  by 
either  of  these  factors  or  by  their 
prmbtct ;  thus,  we  divide  20  by  both  2  and  5 ;  12  by  2  i  16  by  G ;  and  7S 
by  G.  Wc  next  divide  the  second  line  in  like  manner  by  2  and  3 ;  and 
afterward  the  third  lino  by  0.  By  thU  process  we  collect  the  factora  of 
the  given  numbers  into  groupt ;  and  the  prodact  of  the  factors  at  the  left 
of  tlie  vertical  is  the  least  common  multiple  sought. 

3.  What  ia  the  least  common  multiple  of  7,  10,  15,  42, 
and  70? 

opERATios.  Solution.  —  In  this  operation  we 

3    T  I  15     42     70  *""''  '''"  '  ■'"'  '"•  'wii'se  they  a 


2 

5 

3 
6 
X5 

20 

12 

15 

75 

2 

2 

6 

3 

13 

5 

2 

x2 

x3 

x5 

=  300  ^ 

eiactly   contained   In  b 

other   given    numbers ;    thus,    T 


3x7x2x5  =  210  An«.       conlaiiie.1  in  42,  and  10  in  7 

whatever  will  contain  42  and  7U  must 
contain  7  and  10.  Hence  we  have  only  to  find  the  least  common  multiple 
of  the  remaining  numbers,  15,  42,  and  70,  in  Iho  same  w^y  as  in  Ex.  2, 
and  we  find  the  answer  to  be  210. 
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Rule.  —  I.  Write  tJie  numbers  in  a  line^  omitting  any  of  the 
tmaUer  numbers  iliat  are  factors  of  tJie  larger,  and  draw  a  ver- 
tical line  at  the  left. 

11.  Divide  by  any  prim£  factor  or  factors  that  may  be  con- 
tained in  one  or  more  of  the  given  numbers,  and  tcrite  the  quo- 
tients cmd  undivided  numbers  in  a  line  undeimeath,  omitting 
the  Vs. 

III.  In  like  manner  divide  the  quotients  and-  undivided  num- 
bers, cmd  continue  the  process  till  all  the  fadors  of  the  given 
numbers  have  been  transferred  to  the  left  of  the  vertical  line. 
Then  find  the  product  of  these  factors,  which  will  be  the  leaM 
common  multiple  required. 

Note.  —  W«  may  iiM  s  composite  o  amber  for  a  diviaor,  when  It  Is  conUliied  In  all  the 
flrea  nnmbera. 

What  is  the  least  common  multiple  of : 

4.   18,  27,  36,  and  40  ?  7.   8,  12, 18,  24,  27,  and  36  ? 

6.    12,  26,  and  52?  8.   22,  33,  44,  55,  and  66  ? 

6.   32,  34,  and  36?  9.   64,  84, 1)6,  and  216  ? 

10.  15, 18,  21,  24,  35,  36,  42,  60,  and  60  ? 

11.  6,  8, 10, 15, 18,  20,  24  and  30  ? 

12.  If  A  can  build  14  rods  of  fence  in  a  day,  B  25  rods,  C  8 
rods,  and  D  20  rods,  what  is  the  least  number  of  rods  that  will 
furnish  a  number  of  whole  days'  work  to  either  one  of  the  four 
men? 

13.  A  can  dig  4  rods  of  ditch  in  a  day,  B  can  dig  8  rods,  and 
C  can  dig  6  rods.  What  must  be  the  length  of  the  shortest 
ditch  that  will  furnish  exact  days'  labor  either  for  each  work- 
ing alone  or  for  all  working  together  ? 

14.  The  forward  wheel  of  a  carriage  was  11  feet  in  circum- 
ference, and  tbe  hind  wheel  15  feet ;  a  rivet  in  the  tire  of  each 
was  up  when  the  carriage  started,  and  when  it  stopped  the 
same  rivets  were  up  together  for  the  575th  time.  How  many 
miles  had  the  carriage  traveled,  allowing  5280  feet  to  the 
mUe? 


1 
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CASCELUIIOH. 

228.  CanceUatioD  is  the  process  of  rejecting  equal  factors 
from  numbers  sustaining  to  each  other  the  relation  of  dividMid 
and  divisor  (§169,  III). 

Szunples. 
228.   To  dJTide  by  onctitotioa. 

1.   Divide  1365  by  105. 


SoLDTioH.  —  We  first  indicate  the 
division  bj  wriUng  the  dividend  ftbove 
B  borizuntal  line  luid  the  divisor  below, 
'llien  factoring  each  term,  we  tind  Uiat 
3,  6,  and  7  are  oommoD  factors ;  and 
crossing,  or  canceling  these  factors,  we  have  13,  the  remaining  factor  of 


_8x>x7> 


13 


or  canceling  these 
the  dividend,  for  a  quotient. 


to  be  dlvMal  by  tbe  proiluct  at  KvanI 
sled  bel>>n  the  mulUplldUaBi  tn  fir- 
ai\  will  tbuBbe  thrldtfad,  iDd  da  JkcLon 


aTwult  DDmben  ira  (euenll;  man  rendU/  clst« 

2.    Divide  20  times  56  by  7  times  15. 

OFEBATiOH.  SoLUTioM.  —  Having   first    indicated    all   tbe 

»       a  operations  required  by  the  question,  we  cancel 

9fl  V  s,e.       Vi  ^  *'^"'  '  "'"*  **'  *"**  ^  ^^  '^  *"•*  '^'  '^*»'"K 

^^  ^  ^"  =  —  =  101  the  factor  3  in  tbe  divisor,  and  8  and  4  in  the. 

y  X  ^^       3     ^,y^  dividend.    ■ITien  8  x  4  =  32,  wbich,  divided  bj  3, 

3  gives  lOj,  the  quotient  required. 


S.   What  is  the  quotient  of  18  x  6  x  4  x  42  divided  by  4  x  9 
x3x7x6? 


;g  X  g  X  4  X  jig 
Jlx?x?x7x^ 


42* 
\  4  Aiva. 
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RuLB.  —  I.  Write  tJie  numbers  composinjg  the  dividend  on  one 
side  of  a  horizontal  or  vertical  line,  and  the  numbers  composing 
the  divisor  on  the  other. 

11.  Cancel  ail  tJie  factors  common  to  both  dividend  and  divisor, 
and  then  divide  the  product  of  the  remaining  factors  of  tJie  divi- 
dend by  the  product  of  the  remaining  fcuUors  of  the  divisor, 

4.  Divide  the  product  of  21  x  8  x  60  x  8  x  6  by  7  x  12  x  3 
x8x3. 

5.  The  product  of  the  numbers  16,  5, 14,  40, 16,  60,  and  50 
is  to  be  dividjed  by  the  pixxluat  of  the  numbers  40, 24^  50, 20,  7, 
and  10 ;  what  is  the  quotient  ? 

6.  Divide  the  continued  product  of  12, 5,  183, 18,  and  70  by 
the  continued  product  of  3, 14,  9,  5,  20,  and  6. 

7.  If  213  X  84  X  190  X  264  is  divided  by '30  x  66  x  36, 
what  will  be  the  quotient  ? 

8.  Multiply  64  times  7  by  31  and  divide  the  product  by  8 
times  56 ;  multiply  this  quotient  by  15  times  88  and  divide  the 
product  by  55 ;  multiply  this  quotient  by  13  and  divide  the 
product  by  4  times  6. 

9.  How  many  firkins  of  butter,  each  containing  56  pounds 
at  15  cents  a  pound,  must  be  given  for  8  barrels  of  sugar,  each 
containing  195  poimds,  at  4  cents  a  pound  ? 

10.  A  merchant  sold  to  a  farmer  two  kinds  of  cloth,  one  kind 
at  75  cents  a  yard,  and  the  other  at  90  cents,  selling  hun  twice 
as  many  yards  of  the  first  kind  as  of  the  second.  He  received 
as  pay  132  poimds  of  butter  at  20  cents  a  pound ;  how  many 
yards  of  each  kind  of  cloth  did  he  sell  ? 

11.  A  man  took  six  loads  of  potatoes  to  market,  each  load 
containing  20  bags,  and  each  bag  2  bushels.  He  sold  them  at 
44  cents  a  bushel,  and  received  in  payment  8  chests  of  tea,  each 
containing  22  pounds ;  how  much  was  the  tea  worth  a  pound  ? 

12.  A  grocer  sold  25  boxes  of  soap,  each  containing  66 
pounds,  at  9  cents  a  pound,  and  received  as  pay  99  barrels  of 
potatoes,  each  containing  3  bushels ;  how  much  were  the  po- 
tatoes  worth  a  bushel  ? 
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230.  When  it  ia  necessary  to  express  a  quantity  less  than  a 
unit,  we  may  regard  the  unit  as  divided  into  some  number  of 
equal  pails,  and  use  one  of  tlieae  part-s  as  a  new  unit  of  less 
value  tlian  the  unit  divided.  Thus,  if  a  yard,  considered  as 
an  integral  unit,  is  divided  into  4  equal  parts,  then  one,  two, 
or  three  of  tliese  pai'ts  will  constitute  a  uumber  less  than  a 
unit.  The  parts  of  a  iiin't  thus  used  ai'e  called  fixKtional  vrtils; 
and  the  numbers  formed  from  them,  fratiiotiai  numbers. 

231.  A  Fractional  Unit  is  one  of  the  equal  parts  of  an  integral 
unit. 

232.  A  Fraction  is  a  fractional  tmit,  or  a  collection  of  fraC' 
tional  units. 

Fractional  units  take  their  name,  and  their  valur,  from  the  numbtr  of 
parts  into  which  the  inUgral  unit  is  divided. 

If  a  unil  is  divided  into  2  equal  parta,  one  of  Uie  parts  Is  called  one 
hnlf.  If  a  unil  is  divided  into  3  cqiiai  parts,  one  of  the  parts  is  called 
our  third.  If  a  unil  is  divided  iDUi4  equal  parts,  oneof  Ibe  parts  ia  called 
one  fourth.  And  it  Is  evident  that  one  Ihird  is  less  in  vnlue  than  one 
half,  one  fuiirth  less  tlian  one  third,  and  so  on. 

233.  To  express  a  fraction  by  figures,  two  integers  are 
required;  one  to  denote  the  number  of  parts  into  which  the 
integral  unit  is  divided,  the  other  to  denote  the  number  of 
parts  taken,  or  the  number  of  fractional  units  in  the  collec- 
tion. The  former  is  written  below  a  horizontal  line,  the  latter 
above. 


DEFINITIONS. 

One  half  is  written 

One  sixth  is  written 

One  third         ** 

Five  BLXtlis 

Two  thirds       " 

One  seventh 

One  fourth       ** 

Three  sevenths 

Two  fourths    ** 

Three  eighths  ' 

Three  fourths  ** 

Five  ninths       < 

One  fifth          " 

Eight  tenths      ' 

A 

Two  fifths        " 

One  twelfth      * 

A 
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234.  The  Denominator  of  a  fraction  is  the  number  below  the 
line.  It  denominates  or  names  the  fractional  unit,  and  it  shows 
how  many  fractional  units  ai*e  equal  to  an  integral  unit. 

A  Common  Denominator  is  a  denominator  common  to  two  or  more 
fractions,  and  tlie  Least  Common  Denominator  is  the  least  denominator 
common  to  them. 

235.  The  Komerator  is  the  number  above  the  line.  It 
numerates  or  numbers  the  fractional  units;  and  it  shows 
how  many  are  taken. 

236.  The  Terms  of  a  fraction  are  the  numerator  and  denomi- 
nator, taken  together. 

237.  Similar  Fractions  are  fractions  that  have  the  same 
denominator,  as  ^  and  f .  Dissimilar  Fractions  have  different 
denominators,  as  ^  and  \. 

238.  A  fraction  is  in  its  Lowest  Terms  when  its  numerator 
and  denominator  are  prime  to  each  other,  that  is,  when  the 
terms  have  no  common  divisor. 

239.  The  denominator  of  a  fraction  shows  how  many  frac- 
tional units  in  the  numerator  are  equal  to  1  integral  unit,  hence 
we  have  the  following  principles : 

Principles. — I.  TJie  value  of  a  fraction  in  integral  units  is 
equal  to  the  quotient  oftlve  numerator  divided  by  the  denominaJtor, 

11.  Fractions  indicate  divimon,  the  numerator  being  a  divi- 
dendy  the  denominator  a  divisor,  and  the  value  of  a  fraction,  a 
quotient. 


340.  To  ana]yze  a  fraction  is  to  desi^tfte  and  desoribe  its 
numerator  and  denomiiiatot.     Thus  ^  is  analyzed  as  follows: 

7  is  the  df  nominator,  ftnd  nhona  thnl  the  units  Fipressed  by  the  numen- 
tor  are  gev.nlha. 

6  is  the  numerator,  and  siiowa  that  6  seTenlha  are  taken. 

6  and  T  are  tbt:  ttrtns  of  the  fractiua  considered  as  an  expression  of 
division,  6  being  the  dlvidt-nd  and  7  the  divisor. 

241.  A  Proper  Fraction  is  one  wliose  Dumerator  is  less  than 
its  denominator ;  its  value  is  less  than  the  unit  1 ;  aa,  f ,  ^, 

242.  An  Improper  Fraction  is  one  whose  numerator  equals  or 
exceeds  its  denominator;  its  value  is  never  lees  thaa  the  unit 

1 ;  as,  n. 

t.    Tbs  ralua  of  mn  Improper  fncLliin,  ■Im^i  boln;  eqo*]  la,  or  gnatar  Uiu  1  unit,  gu 

243.  A  Mixed  Homber  is  a  number  expressed  by  an  integer 

and  a  fraction ;  as,  SJ,  16f 

Examples. 

244.  Express  the  following  fractions  by  figures: 

1.  Four  nin(As. 

2.  Seven  jijty-sixths. 

3.  Sixteen  forty-eitjhths. 

4.  Ninety-five  one  hundred  seientr/-Hinths. 

5.  Five  hundred  thirty-six /owr  AwndrwMs. 

6.  One  thousand  eight  hundred  fifty-seven  nine  thouamtd 
fivi  hundred  twenty-firsts. 

7.  Twenty-five  thousand  eighty-sevenths. 
e.    Thirty  ten  llimiK<ind  eitfhty-seconds. 

9.    One  hittidred  one  (en  minionthit. 

10.  Two  thousand  fifty-six  thirty-three  thousand  five  hundred 
tweitttj-fjlhs. 

11.  Thirty  thousand  seven  liundred  fifty-niue  fifty  thonaaitd 
two  hundred  nineteetitha. 

13.  Six  thousand  seven  hundred  seventy-seven  nine  fAowsand 
two  hundred  fifly-thii\(s. 


NOTATION  AND   NUMERATION.  127 

13.  One  hundred  one  thousand  two  hundred  fifteen  three 
hundred  three  thousand  tweiUy-Jifllis, 

14.  Eight  thousand  three  hundred  fifty-four  twenty-seven 
thousand  three  hundred  severUy-fourtJis. 

Bead  and  analyze  the  following  fractions : 

i«.  ¥;  §J;  ^h\  M;  ^t;  H^;  Wj  AW- 

1^'     587  5    Ml  5    TTili  5    475  00^5    ^  0  OOITT' 

i»-  m;  IB;  imi;  f«m;  \mm- 

20.  iM;  lif ;  *HM;  MMM;  iViftWV- 

245.  Since  fractions  indicate  division  (§  239,  II),  all  changes 
in  the  terms  of  a  fraction  will  affect  the  value  of  that  fraction 
according  to  the  laws  of  division;  and  we  only  need  to 
modify  the  language  of  the  General  Principles  of  Division, 
by  substituting  the  words  numerator,  denominator,  Bad /ration, 
or  value  of  the  fraetiony  for  the  words  dividend,  divisor,  and 
quotient,  respectively  (§  169),  and  we  shall  have  the  following 
principles : 

Principles.  —  I.  Multiplying  the  numerator  multiplies  the 
fraction,  and  dividing  the  numerator  divides  the  fraction. 

II.  Multiplying  Hie  denominator  divides  the  fraction,  and 
dividing  the  denominator  multiplies  the  fraction. 

III.  Multiplying  or  dividing  both  terms  of  the  fraction  by  the 
same  number,  does  not  alter  the  value  of  the  f ration. 

246.  These  three  principles  may  be  embraced  in  one  general 
law  (§  170). 

General  Law.  —  A  change  in  the  numerator  produces  a 
LIKE  diange  in  the  value  of  the  fraction;  but  a  change  in  the 
nKNOMiNATOR  produces  an  opposite  change  in  the  value  of  the 
fraction. 


128  FRACTIONS. 

KBDDCTION. 
247.   Reduction  of  fractions  is  the  process  of  changiag  tlieii 
terms,  or  their  forms,  without  altering  their  value. 

Szamples. 
348.   To  reduce  fractions  to  tbetr  lowest  terms. 
1.   Reduce  the  fraction  ^.  to  its  lowest  terms. 
OFKBATioH.  SoLUTioH.  —  Dividing  both  terms  of  tbe  fraction 

.,  1 1  _  4    ^  by*the  same  number  does  not  alter  the  value  of  the 

WV— IT  — t  -""«■     fraction  (S24d,  IIL)  ;  hence,  we  divide  both  Mnna 

Or,  of  f^  by  6,  and  butLi  terms  of  the  result,  J},  bj 

jgJJUL.  =  l    Ans.     3,  Midobt^n  }  for  the  final  resulL    As*  and  7  ate 

prime  to  enoli  other,  the  lowest  terms  of  -f^  are  }. 

Instead  of  dividing  by  the  factoia  6  and  3  successive!;,  ne  nay  divide 

by  the  greiiteiit  commcn  divisor  of  the  terms  HO  and  105,  which  is  16, 

and  reduce  the  fraction  to  ita  lowest  temia  at  a  single  operation. 

RuLR.  —  Cancel  aU  factors  common  to  numerator  and.  denomi- 
naior;  or,  divide  both  terms  by  their  greatest  common  divisor. 
Reduce  to  their  lowest  terms : 

249.  To  reduce  an  Improper  fraction  to  a  whole  or  mixed 
number. 

1.   Reduce  ^f^  to  a  whole  or  mixed  number. 

opEKAtiON.  Solution.  —.Since  the  value  of  a  fraction  in 

i«i  _  297  -t-  12  =     ■n'^era'  units  is  equal  to  the  quotient  of  the 
„?T  _    -III      4  numeratordividedby  thedenominator(5239,I), 

^*ri-  ''*t-  ^^-  we  divide  the  given  numerator,  297,  by  the  given 
denominator,  12,  and  obtain  tor  the  value  of  the  fraction  the  mixed 
number  21 1*,  =  24^ 

Rule.  —  Divide  the  numerator  bi/  the  denominator. 


Change  to  equivalent  integers  or  mixed  numbers : 


I 

L 
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350.  To  nduce  a  vhole  number  to  a  fraction  baring  a  giren 
daaamlwrtor. 

1.  Reduce  37  to  an  equivalent  fractioQ  witli  a  denominator 
of  5. 

SoLUTfON. — .Since  In  each  unit  ihere  are  6  Qfths, 

in  37  nnita  there  must  be  37  tiioes  6  flitha,  or  186 

37  X  5  =  185        fifths  =  iji.    The  Dumerator,  185,  U  obtained  In  the 

37  =  ^1^  Am.      operation  by  multiplying  the  whole  number,  37,  by 

the  glnn  denominator. 

Bulk.  —  Multiply  the  whole  number  by  the  given  denoTHinalor ; 
take  the  prodvd  for  a  numerator,  under  which  write  the  given 
denominator. 

NoTiL  —  A  wbalt  nnrabtr  mtj  be  radOMd  to  >  bMtloul  (bnd  bf  vilUoc  1  uodtr  It  flu' 

2.  Reduce  17  to  an  equivalent  fraction  having  6  for  its 
denominator. 

3.  Cliange  375  to  a  fraction  having  a  denominator  of  8. 

4.  Change  478  to  a  fraction  having  2-4  for  its  denominator. 

5.  Reduce  36  pounds  to  ninths  of  a  pound. 

6.  Reduce  359  days  to  sevenths  of  a  day. 

7.  Reduce  763  feet  to  fourteenths  of  a  foot. 

8.  Change  312  miles  to  sixteenths  of  a  mile. 
251.   To  reduce  a  mixed  number  to  an  Improper  fraction. 

1.  In  12f  how  many  sevenths  are  there  ? 
orERATioa. 

125  Soi.uTios.— In  the  whole  number  12,  tlicre  are  12  x  7 

-'         sevenths  =  84  seventlis  (S  260),  and  81  sevenths  +  ^  sevenths 
*  =  89  sevenths,  or  V- 

t^  Ana. 
Rt'LE.  —  Multiply  the  whole  number  by  Hie  denominator  of  the 
fiaetion;  to  the  product  add  the  numerator,  and  under  the  »um 
write  the  denominator. 
Change  to  improper  fractions : 

2.  15f  6.    356|f  8.    ISJ.  U.    760^ 
I                3.    24f.            6.   300^.           «.    l.-{5i\.            12.    1208^^. 

*.  J/ji.  7.   43m  10.   872^4.  "^^^  tV^W 

Moa.  mw  aiGBEM  ar.  —  9 
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252.  To  reduce  a  fraction  to  a  giyen  denominator. 

We  have  seen  that  fractions  may  be  reduced  to  lower  terms 
by  division.     Conversely, 

Principles.  —  I.  JPVocfuww  may  be  reduced  to  higher  terms  by 
multiplication, 

II.  All  higher  terms  of  a  fraction  must  be  multiples  of  its  lowest 
terms, 

1.  Keduce  f  to  a  fraction  whose  denominator  is  40. 

oPBBATiov.  SoLUTioir.  —  We  first  divide  40,  the  required 

40  -{.  8  =  5  denominator,  by  8,  the  denominator  of  the  given 

«^      ^      ^  ^  fraction,  to  ascertain  if  it  is  a  multiple  of  this  term, 

-  ^     ==  —  Ans,      8.    The  division  shows  that  it  is  a  multiple,  and 

8x5      40  that  5  is  the  factor  which  must  be  employed  to 

produce  it.     We  therefore  multiply  both  terms  of 
),  by  6  (§  245,  III),  and  obtain  ^ ,  the  required  result. 

KuLE.  —  Divide  the  required  denominator  by  the  denominator 
of  the  given  fraction^  and  multiply  both  terms  of  the  fra^ion  by 
the  quotient. 

2.  Reduce  ^  to  a  fraction  having  24  for  a  denominator. 

3.  Reduce  ^  to  a  fraction  whose  denominator  is  96. 

4.  Reduce  ^  to  a  fraction  whose  denominator  is  51. 

5.  Reduce  -^  to  a  fraction  whose  denominator  is  78. 

G.   Reduce  -^  to  a  fraction  whose  denominator  is  3000. 

7.  Change  7f  to  a  fraction  whose  denominator  is  8. 

8.  Change  16^  to  a  fraction  whose  denominator  is  176. 

263.   To  reduce  two  or  more  fractions  to  a  common  denominator. 

1 .   Reduce  \  and  ^  to  a  common  denominator. 

OPERATION.  Solution.  —  We  multiply  both  terms  of  the  first  fraction 
3  X  9  _  27  hy  the  denominator  of  the  second,  and  both  terms  of  the 
g  v^  Q  ~  ^  second  fraction  by  the  denominator  of  the  first  (§  246, 
III).  This  must  reduce  each  fraction  to  the  same  denomi- 
7  X  5  __  36  nator,  for  each  new  denominator  will  be  the  product  of  the 
9x5      45     given  denominators. 

Rule.  —  Multiply  the  terms  of  each  fraction  by  the  denomina- 
tors ofaU  other  fractions, 

NoTS. —Mixed  nomben  most  Arst  be  reduced  to  Improper  fractions. 


3,  5 
2,2 
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Beduce  to  fractions  having  a  common  denominator : 

2.     h    I  *•  h  Ai    i-  «•  h  H>  If 

S.     f    f  5.   f,    i,    i.  7.  i,  li,  81. 

254.   To  reduce  fractions  to  their  least  common  denominator. 

Principles.  —  I.  iT  ^^^  ^^  more  fractions  are  reduced  to  a 
common  denomincUorj  this  common  denominator  will  be  a  common 
muUiple  of  the  several  denominators. 

II.  •  The  least  common  denomhiator  must  therefore  be  the  least 
common  muUiple  of  the  several  denomiwUors, 

I.  Reduce  f ,  ^j  and  ^  to  their  least  common  denominator. 

OFBRATIOir. 

■£2     15  SoLUTiow.  —  We  first  find  the  least  common 

—7 multiple  of  the  given  denominators  (§  227),  which 

—  ~ is  60.    This  must  he  the  least  common  denomi- 

3x5x2x2  =  60  nator  to  which  the  given  fractions  can  he  re- 

5-_5o^  duced    (II).      Reducing   each    fraction   to    the 

f ""  6  0  I  denominator  60,  hy  §  262,  we  ohtain  J  J,  J  J,  and 

TT  ~  To  f  -^'^^  ^  for  the  answer. 

Rule.  —  I.  Find  the  lea^  common  multiple  of  the  given  de- 
nomincUors,  for  the  least  common  denominator. 

II.  Divide  this  common  denominator  by  ea^^i  of  the  given 
denominalors,  and  multiply  each  numerator  by  tJie  corresponding 
quotient.     The  products  wiU  be  the  new  numerators. 

Kom.  —1.  If  the  sereni  fVacttons  are  not  in  their  lowest  terms,  they  should  be  re- 
doeed  ta  their  lowest  terms  before  appljring  the  rule. 

i.  When  two  or  more  fractions  are  reduced  to  their  least  common  denominator,  their 
namerators  and  the  common  denominator  will  be  prime  to  each  other. 

Reduce  to  their  least  common  denominator : 

2-  f  A-  «•  i  A,  M.  A-        10-  m^  m>  HH- 

»•  i  I.  f  7.   2|,  ^,  ^,  H.         11.   2f,  ,1^,  1^. 

*•  I.  A.  H-      8-  ih  A  ih  A-      12-  iWff.  mh  uu- 
»•  h  h  i-         «•  tt,  T^.  ii  i-       13-  h  tt»  A.  A.  A  H- 
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ADDITION. 

255.  The  denominator  of  a  fraction  determines  the  value  of 
the  fractional  unit  (§  234)  ;  hence, 

Pbikciples.  —  I.  If  two  or  more  fiucticns  have  the  same 
denominator,  their  numerators  express  frOjCtiondl  units  of  the 
same  value. 

II.  If  two  or  more  fractions  have  different  denominators,  their 
numerators  eatress  fractional  units  of  different  values, 

III.  Practions  can  be  added  only  when  they  Jiave  a  common 
denominator. 

Sxamples. 

266.   To  add  fractions  or  mixed  numbers. 

1.  What  is  the  sum  of  ^,  ^,  and  ^  ? 

^«>....*.^«  Solution.  —  Since  the  de- 

nominators  are  alike,  we  sim- 
_  -|_  A -|_  Z_  =  ^  ^^^^  "I"  *  a- 15  ^j^^  ply  add  the  numerators,  and 
24      24     24  24  24  '    place  the  result  over  the  de- 

nominator. 

2.  What  is  the  sum  of  i,  -j^,  and  ^  ? 

OPERATION. 

15       2  ^12  +  25  +  8^45^3 
5     12     15  60  60     4* 

Solution.  —  We  first  reduce  the  given  fractionR  to  their  least  common 
denominator  (§  254).  As  the  resulting  fractions,  ^j,  }J,  and  /^^  have  the 
same  fractional  unit,  we  add  them  by  uniting  their  numerators  into  one 
sum,  making  |2  =  |i  the  answer. 

3.  Add  5f ,  3J,  4tV. 

OFEBATiON.  SOLUTION.  —  Thc   sum  of   the  Integers, 

^  +  3  +    4  =  12  6,  3,  and  4,  is  12  ;  the  sum  of  the  fractions, 

J  + 1  +  ^  =    2^  },  I,  and  ^^,  is  2^^.    Hence,  the  sum  of  both 

14 JL  Ans.  fractions  and  integers  is  12  +  2/f  =  14  j\. 

NoTS.  —  All  fractional  results  should  be  reduced  to  their  lowest  terms,  and  all  Improiier 
ftttsttons  to  whole  or  mixed  nnmbera. 
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Rule.  —  I.  To  add  fractions.  —  Reduce  the  fractions  to  their 
lead  common  denominator;  then  add  the  num£rator8,  a)id  place 
the  sum  over  the  common  denomincUor, 

II.  To  add  mixed  numbers.  —  Add  the  integers  and  fractions 
separatdy,  and  then  add  their  sttms. 

Add: 


4. 

A>  A>  A>  H- 

13. 

h  f9  tf »  i* 

6. 

\if  A>  A>  A« 

14. 

Tt9  tif  A* 

6. 

A>  A>  M>  H- 

16. 

h  h  I  i>  tf' 

7. 

nh  m^  m^  sh  • 

16. 

3i,  4|,  2A- 

8. 

37  A,  12H,  13f  J,  If. 

17. 

H,  2f ,  3f,  4f 

9. 

9tV,  H,  6A,  7H. 

18. 

4ft,  8A,  2A- 

10. 

18Vr,  7V\f,  3H,  14. 

19. 

♦>  t»  1T>  IT* 

11. 

hhhhh 

20. 

T»  h  TT>  tV» 

12. 

h  T»  TT>  5>  f  • 

21. 

i>  t>  TIf  tV 

^2.   i,  T*<c»  A>  h 

h  h  f 

23.  41^,  105f,  300|,  241f,  472^. 

24.  ^,  2J,  ItV,  2^,  5,V.  7|,  ^,  6f 
26.   What  is  the  sum  of  13f  3^,  8|,  and  5|? 

26.  Find  the  sum  of  ^,  f^,  1^,  |^,  and  Ijf^. 

27.  Four  cheeses  weighed  respectively  36|,  42|,  Sd-f^y  and 
51^  pounds.    What  was  their  entire  weight  ? 

28.  What  number  is  that  from  which  if  4|  are  taken  away 
the  remainder  will  be  3}f  ? 

29.  What  fraction  is  that  which  exceeds  ^^hy  -^? 

30.  A  farmer  divides  his  farm  into  5  fields ;  the  first  con- 
tains 26^7  acres,  the  second  40^4  acres,  the  third  5lJf  acres,  the 
fourth  59|^  acres,  and  the  fifth  62|  acres.  How  many  acres 
are  there  in  the  farm  ? 

31.  A  merchant  sold  46^  yards  of  cloth  for  *127jV>  ^H 
yards  for  $  226|,  and  76f  yards  for  $  312|.  How  many  yards 
of  cloth  did  he  sell,  and  how  much  did  he  receive  for  the 
whole  ? 
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SUBTRACTION. 

257.  The  process  ot  subtracting  one  fraction  from  another 
is  based  upon  the  following  principles : 

Principles.  —  I.  One  number  can  be  subtracted  from  another 
only  when  the  two  numbers  have  the  same  unit  value. 

II.  In  subtraction  of  fractions,  tJie  minuend  and  subtrahend 
must  liave  a  common  denominator  (§  255, 1). 

Examples. 

258.  To  subtract  fractions  or  mixed  numbers. 

1.  From  ^  take  ^. 

OPERATION.  SoLUTiow.  —  Sioce  the   fractions 

7        5       7  —  5       2       1  have  a  common  denominator,  we 

To  ""  T5  =    ^o    ~  19  ~  r  -4^w.    subtract  the  numerator  of  the  smaller 

IJ      Iw         LZ        IZ      O  i^Qjjj  ^Yisit  of  the  greater,  and  reduce 

the  result  to  its  lowest  terms. 

2.  From  ^  subtract  |. 

OPEBATION.  SoLUTiOK.  —  Reducing  the  given  frac- 

4      2      12  —  10       2  tions  to  a  common  denominator,  the 

V  ""  «  =  — Tw —  =  jz  Ans,     resulting   fractions  ||  and  |J  express 

fractional  units  of  the  same  valoe 
(§  256, 1).  Then  12  fifteenths  less  10  fifteenths  =  2  fifteenths  =  ^,  the 
answer. 

3.  From  238 J  take  24 J. 

OPERATION.  Solution.  —  We  first  reduce  the  fractional 

parts,  J  and  J,  to  the  common  denominator,  12. 

23H\  =  ZSiifj  Since  we  cannot  take  |§  from  ^^y,  we  add  1  =  ff , 

24|  =    24ff  to  T^,  making  jj.    Then,  |J  subtracted  from  |} 

213 A  Ans       ^®*^®^  A  J  and  24  from  237  leaves  213,  hence,  we 

1^         '      have  213j*2  for  the  entire  remainder. 

Rule.  —  I.  To  subtract  fractions.  —  Reduce  the  fractions  to 
their  least  common  denominator.  Subtract  the  numerator  of  the 
suhtraJiend  from  the  numerator  of  the  minuend,  and  place  the 
difference  of  the  new  numerators  over  the  common  denominator. 

II.   To  subtract  mixed  numbers.  —  Redtice  the  fra^ctionai  parts 
to  a  common  denominator,  and  then  subtract  tlxe  fToctxotiaZ  and 
tTiteg^rai  jxirts  separately. 
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NoTB.  — We  mjiy  redaoe  mixed  nnmben  to  improper  ftmctlons,  and  subtrmot  by  the  mie 
fir  flractlonflw  But  this  method  genendly  Imposes  tlie  aselesa  hibor  of  ledueing  integral 
nombers  to  fractiooB,  aiul  fractions  to  integers  again. 


Fiud  the  remainders : 


4-  tV-A- 

«•  H-A- 
7.    *-!• 
8-    *-A- 
«.  «-A 
10..  A- it- 


18.  75-4^. 

19.  82 -7f 

20.  18J-5{. 

21.  26/y-25J|. 

22.  28^-3^. 

23.  78^2^-32^. 

24.  89^-12f 


12.  A""A- 

13.  A "~  A- 

14.  A-T*A 
1^-  A-"A- 

16.  16f-7i. 

17.  36H-8H. 
26.  From  a  cask  of  oil  containing  31^  gallons,  17f  gallons 

were  drawn.     How  many  gallons  remained  ? 

26.  A  farmer,  having  4^|^  acres  of  land,  sold  304 1  acres. 
How  many  acres  had  he  left  ? 

27.  If  flour  is  bought  for  $  6\  per  barrel,  and  sold  for  $  7|, 
what  will  be  the  gain  per  barrel  ? 

28.  From  the  sum  of  f  and  3^,  take  the  difference  between 
4|  and  5^. 

29.  The  sum  of  two  numbers  is  26\f  and  the  less  is  7^ 
What  is  the  greater  ? 

30.  What  number  is  that  to  which  if  you  add  18^,  the  sum 
will  be  97|  ? 

31.  What  number  must  you  add  to  the  sum  of  126f  and 
240|,  to  make  560f  ? 

32.  What  number  is  that  which,  added  to  the  sum  of  ^,  ^^ 
and  ^^,  will  make  |f  ? 

33.  To  what  fraction  must  f  be  added,  so  that  the  sum  may 
bef? 

34.  From  a  barrel  of  vinegar  containing  31^  gallons,  14| 
gallons  were  drawn.    How  much  was  then  left  ? 

35.  A  dealer  bought  a  quantity  of  coal  for  $  140|,  and  of 
Inmber  for  9456f    He  sold  the  coal  iot  <775\,  ^ssAXJckft  Vwsv- 

Aer  for  S^ld^g.,     How  much  was  hia  wlioVe  giaxn*} 
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THEORY  OF  MULTIPLICATION  AND  DIVISION. 

259.  In  multiplication  and  division  of  fractions^  the  various 
operations  may  be  considered  in  two  classes : 

1.  Multiplying  or  dividing  a  fraction. 

2.  Multiplying  or  dividing  hy  a  fraction. 

260.  The  methods  of  multiplying  and  dividing  fractions 
,  may  be  derived  directly  from  the  General  Principles  of  Frac- 
tions (§  245) ;  as  follows : 

Exile.  —  I.    To  multiply  a  fraction.  —  Multiply  its  numeror 
tor  or  divide  ii8  denominator  (§  245, 1  and  II). 

II.  To  divide  a  fraction.  —  Divide  its  numerator  or  muUiply 
its  denominator  (§  245, 1  and  II). 

III.  Perform  the  required  operation  upon  the  numeratorj  or 
tJie  opposite  upon  the  deiwminaJtor  (§  246). 

261.  The  methods  of  multiplying  and  dividing  by  a  fraction 
may  be  deduced,  as  follows : 

1.  The  value  of  a  fraction  is  the  quotient  of  the  numerator  divided  by 
the  denominator  (§  239, 1).     Hence, 

2.  The  numerator  alone  is  as  many  times  the  value  of  the  fraction,  aa 
there  are  units  in  the  denominator. 

8.  If,  therefore,  in  multiplying  by  a  fraction,  we  multiply  by  the 
numerator,  tliis  result  will  be  too  ffreatt  ^^^  must  be  divided  by  the 
denominator. 

4.  Bat  if  in  dividing  by  a  fraction,  we  divide  by  the  numerator,  the 
resulting  quotient  will  be  too  gmall,  and  must  be  multiplied  by  the  de- 
nominator. 

Hence,  the  methods  of  multiplying  and  dividing  by  a  frac- 
tion may  be  stated  as  follows : 

KuLE.  —  I.  To  multiply  by  a  fraction. — Multiply  by  the 
numerator  and  divide  by  the  denominator, 

II.  To  divide  by  a  fraction. — Divide  by  the  numerator  and 
multiply  by  the  denominator. 

III.  Perform  the  required  operotwn  5y  t?ie  uumerotor  and  the 
opposite  by  the  ilenominator. 
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MULTIPLICATION. 

Examples. 

262.  To  multiply  fractions  by  integers,  integers  by  fractions, 
or  fractions  by  fractions. 


1.  Multiply  ^  by  4. 

7IR9T    OPERATION. 
SECOXD    OPERATION. 

VVx4  =  |  =  lJ  Ans. 

THIRD    OPERATION. 


Solution.  —  In  the  first  operation,  vre 
multiply  the  fraction  by  4  by  multiplying 
its  numerator  by  4 ;  and  in  the  second 
operation,  we  multiply  the  fraction  by  4 
by  dividuig  its  denominator  by  4  (§  260, 1 
or  III). 

In  the  third  operation,  we  express  the 
multiplier  in  the  form  of  a  fraction,  indi- 
cate the  multiplication,  and  obtain  the  re- 
sult by  cancellation. 


2.  Multiply  21  by  f 

PIRST    OPERATION. 

21x^=V=12  Ans. 

SECOND    OPERATION. 

21x^  =  3x4  =  12  Ans. 

THIRD     OPERATION. 
3 

^x-  =  12  Ans. 

1     7 

3.  Multiply  ^  by  |. 

FIRST  OPERATION. 

Iststep,   ^x7  =  ^ 

«•«•?.  ii-^8=-j?^ 

^j  =  ^Ans. 

SECOND    OPERATION. 
THIRD  OPERATION. 

Ax?  =  A  Ans. 
)^     S     16 
2 


Solution.  — To  multiply  by  ^,  we  must 

multiply  by  4  and  divide  by  7  (§  261, 1 
or  III). 

In  the  first  operation,  we  first  multiply 
21  by  4,  and  then  divide  the  product,  84, 
by  7. 

In  the  second  operation,  we  first  divide 
21  by  7,  and  then  multiply  the  quotient, 
8,  by  4. 

In  the  third  operation,  we  express  the 
whole  number,  21,  in  the  fonn  of  a  frac- 
tion, indicate  the  multiplication,  and  ob- 
tain the  result  by  cancellation. 

Solution.  — To  multiply  by  J,  we  must 
multiply  by  7  and  divide  by  8  (§  261, 1  or 
III).  In  the  first  operation,  we  multiply 
y\by  7  and  obtain  f };  we  then  divide  \\ 
by  8  and  obtain  ^7,  which,  reduced,  gives 
^y,  the  required  product. 

In  the  second  operation,  we  obtain  the 
same  result  by  finding  the  product  of  the 
numerators  and  the  product  of  the  de- 
nominators. 

In  the  third  operation,  we  indicate  the 
multiplication,  aud  oY^Vdim  \^% 'c^'sxi^VXs^ 
cancellatiou. 
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RrxK.  —  L   RMfUX  nH  itU^^g^n  and  waxed  mmmAen  to   »»- 

II.    F'tid  ih0i  prodnrt  of  tJut  num/gmtorw  for  a  mew  mmmeraior, 
amd  of  tkA  d^Tkf/miiMlon  for  a  m^je  dt^wy/nvuxior. 


1.   If  *  inetloci  Is  naldpUed  bj  it*  deaomtiMtiir,  tk«  prorfnet  vffl  te  ch* 

Find  the  prodiirrta  iB  their  Iow«^  terms : 


4.   f  X  a  7.   /^  X  9. 

5*   |x27,  8,  ^xl5. 

e.    /^x4.  9.  8x}. 

16,  2f  x3}xli. 

17.  A  X  2i|  X  f 
IS,   i  X  I  X  /y  X  f 
19,   i  X  t  X  I  X  |. 

24.    tV^X^l^xV/. 


10-   75  X  ^. 

11.  Tx^. 

12.  756  x|. 


IS.  572  x  ^. 

14.  |X|. 

15.  11  XH- 
20-    iXtXi|XyVx|l. 

21.  ttxAxm- 

22.  21x2^ XtVXtIi^ 

23.  3^X^x41x15. 


26,   Find  the  value  of  (4^x4; +  11  x  (3^  -  A). 
26,   Find  the  value  of  28  +  (7|  -  2|)  x  |  x  (t +i). 

H'lTK.  —  Thm  w«ml  4^  between  firmetloiit  U  equiralent  to  the  A|ga  of  moltipiieatloB ;  and 
mtrh  Ml  fXifTf Mion  U  nomMlroM  atlied  ft  1 


Find  the  values  of  the  following  indicated  products: 

27.  I  rrf  I  of  }.  29.   I  of  tV  of  f 

28.  |of  lof/r.  30.   Hot^oi^lofil. 

31.   1  of  f  of  J  of  I  of  I  of  ^  of  I  of  I  of  ^. 

HffTK.      In  thfl  following  euunplet,  canoeDatlon  may  be  employed  by  the  eld  of  the 
ITArUir  Tiit»l<<,  IMKOK  110,  111. 

85.   What  will  7  cords  of  wood  cost  at  $  3|  per  cord  ? 
80.   What  is  the  value  of  (J)«  x  H  x  (i)'? 

87.  If  a  horse  eats  if^  of  a  bushel  of  oats  in  a  day,  how  many 
bimhols  will  10  horses  eat  in  6  days  ? 

88.  What  is  the  cube  of  12}  ? 
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39.  At  $  9f  per  ton,  what  will  be  the  cost  of  ^  of  f  of  a  ton 
of  hay  ? 

40.  At  $  ^  a  bushel,  what  will  be  the  cost  of  If  bushels  of 
com? 

41.  A  man  owning  {^  of  a  farm,  sold  ^  of  his  share.  What 
part  of  the  whole  farm  had  he  left  ? 

42.  A  man  bought  a  horse  for  $  125|,  and  sold  him  for  f  of 
what  he  cost.     What  was  the  loss  ? 

43.  A  man  owned  f  of  123|  acres  of  land,  and  sold  f  of  his 
share.    How  many  acres  did  he  sell  ? 

44.  If  a  family  consumes  1^  barrels  of  flour  a  month, 
how  many  barrels  will  five  such  families  consume  in  4^^ 
months  ? 

46.  When  peaches  are  worth  $  ^  per  basket,  what  is  ^  of  a 
basket  worth  ? 

46.  A  man  owning  f  of  156f  acres  of  land,  sold  ^  of  f  of  his 
share.     How  many  acres  did  he  sell  ? 

47.  What  is  the  product  of  (f)'  X  (^)«  x  {^y  x  (3^)*  ? 

48.  If  a  family  consumes  1|  barrels  of  flour  a  month,  how 
many  barrels  will  6  families  consume  in  S^  months  ? 

49.  What  is  the  product  of  160i^-{(f  of  121f +  f  of  48|) 
-  75 J  multiplied  by  3  x  { (J  of  1^  x  4)  -  2J| ? 

50.  Wliat  must  be  paid  for  f  of  6^  tons  of  coal  at  f  of  $  7^ 
a  ton? 

51.  A  man  at  his  death  left  his  wife  $12500,  which  was  ^ 
of  I  of  his  estate ;  she  at  her  death  left  ^  of  her  share  to  her 
daughter.  What  part  of  the  father's  estate  did  the  daughter 
receive? 

52.  A  owned  f  of  a  cotton  factory,  and  sold  f  of  his  share 
to  B,  who  sold  ^  of  what  he  bought  to  C,  who  sold  f  of  what 
he  bought  to  D.  What  part  of  the  whole  factory  did  each  then 
own? 

53.  What  is  the  value  of : 


2ixi-hiotA\x  (^)«  +  («^y  _  (:i\Y'{ 
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FRACTIONS. 


DIVISION. 
Examplea. 

263.  To  divide  fractions  by  integers,  integers  by  fractions,  or 
fractions  by  fractions. 

1.  Divide  fj  by  3. 

FIRST  OPEBATIOK. 

|i^-3  =  ^  Ana. 

SECOND  OPERATION. 

2.  Divide  15  by  ^. 

FIRST  OPERATION. 

15-5-^  =  6x7  =  35  Ans. 

SECOND   OPERATION. 

15  -H  4  =  105  -H  3  =  35  Ana,    ^^  ^^  ^'  *°^  ^^^  multiply  the  qaotient 
^  *    by  7. 

In  the  second  operation  we  first  multiply  15  by  7,  and  then  divide  the 

product  by  8. 

3.  Divide^  by  f 

FIRST   OPERATION. 


Solution.  —  In  the  first  operation  we  divide 
the  fraction  by  3  by  dividing  its  numerator  by 
3,  and  in  the  second  operation  we  divide  the 
fraction  by  3  by  multiplying  its  denominator 
by  3  (§  2(50,  U  or  III). 


Solution.  —  To  divide  by  f ,  we  must 
divide  by  3  and  multiply  by  7  (§  261,  II 
or  III). 

In  the  first  operation,  we  first  divide 


Solution.  — To   divide  by  j,  we 
roust  divide  by  3  and  multiply  by  5 
(§  261,  II  or  III).    In  the  first  opera- 
tion we  first  divide  y^  by  3  by  mul- 
tiplying the  denominator  by  3.     We 
then  multiply  the  result,  ^  by  5,  by 
multiplying  the  numerator  by  5,  giving 
j  J  =  f  for  the  required  quotient.    By 
inspecting  this  operation,  we  observe 
that  the  result,  |J,  is  obtained  by  mul- 
tiplying the  denominator  of  the  given 
dividend  by  the  numerator  of  the  divi- 
sor, and  the  numerator  of  the  dividend  by  the  denominator  of  the  divisor. 
Hence  in  the  second  operation,  we  invert  the  terms  of  the  divisor,  {, 
and  then  find  the  product  of  the  upper  terms  for  a  numerator,  and  of 
the  lower  terms  for  a  denominator,  and  we  obtain  the  same  result  as  in 
the  first  operation.     In  the  third  operation,  we  shorten  the  process  by 
cancellation. 

NoTB.  —  We  have  learned  ($  160)  that  the  reciprocal  of  a  number  la  1  diyided  by  the 
number.  If  we  divide  1  by  |,  we  shall  have  l4-ialx|»|.  Hence,  the  reciprocal  of  A 
Iraction  is  the  fraction  inverted. 


1st  step,  ^ip  -i-  3  =  ^ 

M  step.  ^^  X  5  =  1^  =  J  Ans, 

SECOND  OPERATION. 
THIRD  OPERATION. 

*  v^-^  Ans 
-X^-^Ans. 

3 
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Rule. — I.  Seduce  iiUegera  and  mixed  numbers  to  improper 
fractions, 

II.  Multiply  the  dividend  by  the  reciprocal  of  tlie  divisor. 

Nona.  —  1.  If  the  TertScal  line  la  aaed,  the  nomeratore  of  the  dividend  and  the  denoml- 
Bstors  of  the  diTlsor  mast  be  written  on  tiie  ri^ht  of  the  rertioal. 

2.  Sinee  «  eompoimd  fraction  is  an  Indicated  product  of  several  fractions,  its  reciprocal 
may  be  obtained  by  inverting  each  Ihctor  of  the  oompoond  fraction. 

4.  Divide  f  of  I  by  i  of  VV- 

OPBKATIOV. 

•       "s  __  5  Solution.  —  The  dividend,  reduced  to  a 

»  ^  "ft      TT  simple  fraction,  is  }  ;  the  divisor,  reduced  in 

i  X  -^1^  =  f  =  1^  Ans.  like  manner,  is  yV  ;  ^J^d  \  divided  by  ^g  is 

Qr  11,  the  quotient  required.     Or,  we  may  apply 

2  the  general  rule  directly  by  inyerting  both 

^       '{      9      Id  factors  of  the  divisor. 

Kon.  —  The  second  method  of  solotion  given  above  has  tvro  advnntages :  first,  it  gives 
tbe  answer  by  a  single  operation ;  second,  it  affords  greater  Ihcility  for  cancelktion. 

Divide : 
6.     iihj^.  9.   28  by  J.  13.     ^^  by  f 

6.  if  by  5.  10.   56  by  If  14.     ^^  by  ^. 

7.  «f  l>y80.  11.  i|by|.  16.     3f  by5i. 

8.  lObyf  12.     Sby^^.  16.   Iff  by  |f 

17.  ^of^jhj^oi^^.  19.   2\x7ihj3ix3^^. 

18.  A  of  T^  by  I  of  ^.  20.   11  by  I  X  SJ-  x  7. 

21.  What  is  the  value  of  ^  ? 

OPERATION. 

2 

SoLUTiov.  — The  fractional  form  indicates  division,  the  numerator 
being  the  diyidend  and  the  denominator  the  divisor  (§  230,  II)  ;  hence, 
we  reduce  the  mixed  numbers  to  improper  fractions,  and  then  treat  the 
denominator,  ^,  as  a  divisor,  and  obtain  the  result,  1^,  by  the  general 
rule  for  division  of  fractions. 
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51       II 
Nona.  —  1.  EzpresslonB  like  j|  and  ~  are  aometinieB  called  oomplez  fiaetioiis. 

S.  In  the  reduction  of  complex  fhustlona  to  simple  fractions,  if  either  the  nnmeratoror 
denominator  oonalata  of  one  or  more  parte  connected  by  +  or  — ,  the  operationa  tndicatad  bj 
these  slgrns  mast  first  be  performed,  and  afterward  the  division. 

22.  What  is  the  value  of  j  ? 

23.  What  is  the  value  of  4-^^  ? 

7  4-  38- 

24.  What  is  the  value  of    ^  ,  *  ? 

26.   Keduce  I  .1  to  its  simplest  form. 

n 2 

26.  Reduce  ^ — |  to  its  simplest  form. 

27.  Reduce  -^ — ^  to  its  simplest  form. 


28.  Divide  720  -  (f  x  28  -  7|)  by  40^  +  (^  --  f )  x  (i^. 

29.  What  number  is  that  which,  if  multiplied  by  J  of  J  of 
\  of  9,  will  produce  48  ? 

30.  If  7  pounds  of  coffee  cost  9 1,  how  much  will  1  pound 
cost? 

31.  If  a  boy  earns  $|  a  day,  how  many  days  will  it  take 
him  to  earn  $  6^  ? 

32.  If  I  of  an  acre  of  land  costs  $  30,  what  will  an  acre  cost 
at  the  same  rate  ? 

33.  At  ^  of  I  of  a  dollar  a  pint,  how  much  oil  can  be  bought 

for^-jfij? 

34.  I  bought  I  of  4^  cords  of  wood  for  |  of  |  of  $  30.    How 
much  was  1  cord  worth  at  the  same  rate  ? 

36.   The  product  of  two  numbers  is  27,  and  one  of  them  is 
2f   What  is  the  other  ? 

36.  By  what  number  must  you  multiply  IGfJ^  to  produce 
148|? 

37.  What  number  is  that  which,  if  multiplied  by  f  of  |  of  2, 
will  produce  }  ? 


FRACTIONAL   RELATION  OF  NUMBERS.  143 


FRACTIONAL  RELATION  OF  NUMBERS. 

864.  If  we  wisli  to  know  what  part  of  6  the  number  3  is,  we 
divide  3,  the  number  to  be  compared,  by  6,  the  number  with 
which  it  is  compared,  and  our  answer  is  the  required  part,  },  or 
^.  In  finding  what  part  one  number  is  of  another,  whether  the 
numbers  are  integral  or  fractional,  the  number  compared  always 
represents  a  dividend,  the  number  with  which  it  is  compared 
a  divisor,  and  the  part  to  be  found  a  quotient. 

Examples. 

265.  To  find  what  part  one  number  is  of  another. 

1.  What  part  of  36  is  28  ? 

OPERATION.  Solution. — The  number  compared,  28, 

28  -s-  36  =  If  =  -{^  Ans.     represents  a  dividend,  and  36  the  number 

with  which  it  is  compared,  a  divisor.    28  -h 

36  =  J. 

2.  What  part  of  8  is  I  ? 

OPERATION.  Solution.  —  The    number   compared,  |, 

^-s.8  =  |x|^  =  tV  ^^-  divided  by  8  =  ^. 

3.  What  is  the  relation  of  8  to  J  ? 

OPERATION.  Solution.  —  The   number  compared,  8, 

g^Assg^s  —  j^O  Ans.  divided  by  |,  the  number  with  which  i*.  is 

compared,  =  10. 

4.  What  part  of  I  is  I? 

OPERATION.  Solution.  — In  this  example  }  is  the 

1^1  =  1  X  1  =  1  ^iw.      number  compared ;  }-*-}  =  }. 

5.  What  part  of  2|  is  1|  ? 

operation.  Solution.  —  We    first   reduced   the 

24  __  j4  .  1 2  _-  6  mixed  numbers  to  improper  fractions, 

tl^iA-A  v~JL--AA  >l«i»      V  and  f ;   f   the  number  compared, 
f-*-Y-tXrt-«  ^^'     divided  by  i,*  =  J|. 

BuLE.  —  Divide  the  number  compared  by  the  number  with 
wAicA  it  is  compared. 
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What  paxt  of : 

6.  18  is  16?  11.  16isf?  16.  ^is^?  21.  2J^isH? 

7.  39  is  13?  12*  28isTZj.?  17.  f  isf?  22.  9ii8  3|? 

8.  84  is  20?  13.  48is-i^y?  18.  yV^sf?  23.  25|  is  6J? 

9.  20  is  8?  14.  15  is  I?  19.  |is|?  24.  lOOisSSJ? 
10.  100  is  5?  15.  50isf?  20.  fis|?  26.  50isl2J? 

What  is  the  relation  of : 

26.  5tof?  29.   f  to3?       32.   fto^?       35.   3^to4}? 

27.  6toi?  30.    I  to  6?       33.   ^tof?       36.    6^  to  2^ 

28.  UtofJ?       31.    ito7?       34.    |to|?        37.    lto5J? 

266.  To  find  a  number  when  a  fractional  part  of  it  is  given. 

1.  180  is  I  of  what  number  ? 

OPSRATION.  SoLCTiow.  —  Siiice    180   is   three 

i  the  number  =  J  of  180  =  60  J^"'^*"'  ^^  *  ^^^|"  ""'^^^J^  ,«'*t 
A      Afi  _  0A(\  A  n  fourth  of  the  number  will  be  j  of 

4  X  bU  —  Z4{)  jlns.     Ur,  ^^^  ^jj.j.jj  jg  Q^j .  ^^^  ^g  number 

4       60  win  be  4  times  60,  which  is  240. 

-  of  ^gp  =  240  A718.  Hence,  180  is  }  of  240. 

y  Or,  \  the  number  will  be  }  of  180, 

and  i,  or  the  whole  number,  will  be  4  times  J  or  }  of  180,  which  is  240. 

2.  H  ^^  f  ^^  what  number  ? 

OPERATION. 

A  Solution.  —  J  the  number  will  be  }  of  || 

.       ^^      ^P  and  }  or  the  whole  number  will  be  |  of  || 

|of  J|  =  g=lTV  ^^»«.    =^l^Ans. 

Rule. — Multiply  the  number  by  the  fraction  with  Us  terms 
inveHed;  or,  divide  the  number  by  the  fraction. 

Find  the  number  of  which : 

3.  75is4.  7.    ir>|isf  11.  392  is  f  16.  625  is  f 

4.  84is^f.  8.  180  is  |.  12.  |^  is  f  16.  450  is  f 
6.  50  is  f  9.  240  is  f  13.  6^  is  f  17.  15^  is  |. 
6.   49isf       10.   1000  is  If  14.  fis^.  18.  J  is  J. 
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COHTIVUKD  FBACTIOHS. 

187.  If  we  lake  any  fraction  in  its  lowest  terms,  as  ^i  and 

divide  both  terms  by  the  numerator,  we  shall  obtain  a  complex 

fraction,  thus : 

13^1 

64     4  +  2_ 

13 

Reducing  i\,  the  fractional  part  of  the  denominator,  in  the 
same  manner,  we  have, 

13^1 

54     4  +  1 


6  +  1 
2 
Expressions  in  this  form  are  called  continued  fractums, 

368.  A  Continued  Fraction  is  a  fraction  whose  numerator  is 
1,  and  whose  denominator  is  a  whole  number  plus  a  fraction 
whose  numerator  i3  also  1,  and  whose  denominator  is  a  whole 
number  plus  a  fraction,  and  so  on. 

269.  The  Terms  of  a  continued  fraction  are  the  several  sim- 
ple fractions  which  form  the  parts  of  the  continued  fraction ; 
as,  \,  i,  and  f 

Mots.  — Condnued  fl-nctions  mre  aometliDes  written  with  the  dga  of  addition  between  the' 

111 
deaonilnatora,  thoa :  -    -    — 

4+6  +  2 

870.  An  Apfiroximate  Yalne  of  a  continued  fraction  is  the 
simple  fraction  obtained  by  reducing  one,  two,  three,  or  more 
terms  of  the  continued  fraction. 

871.  To  reduce  any  fraction  to  a  continued  fraction. 

1.   Reduce  ^|  to  a  continued  fraction. 

Solution.  —  We  divide  the  denominator,  3^)0. 

opBKATiov.  by  the  numerator,  109,  and  obtain  3  for  the  de- 

1(^      ^  nominator  of  the  first  term  of  the  continued  frac- 

oQQ  =  o  i_i  ^on.    Then  in  the  same  manner  we  divide  tlie 

'^^     *^  +  ± last  diWaor,  109,  by  the  remahider,  12,  and  obtain 

9  +  ^      9  for  the  denominator  of  the  second  term  of 'the 
12       oontinaed  fraction.    In  like  manner  we  obtain  12 
for  the  denomuiator  of  the  final  term. 

UOB.  NEW  HtGHEU  AR.  —  10 
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Bulk.  —  I.  Divide  Ote  greater  term  by  the  Uas,  and  the  laH 
divisor  by  the  last  remainder,  and  so  on,  tiU  there  i»  no  remainder. 

n.  Write  1  for  the  numerator  of  each  term  of  tht  oontitmed 
fraction,  and  the  quotients  in  their  order  for  the  denominators. 

Reduce  to  contiaued  fractions: 

2-    tW.-  3.    HJf.  4.   ^.  5.    HHjf. 

S73.  To  find  th«  wKral  appn^mMU  raliiM  of  a  cantliiiKd 
fraction. 

1.  Reduce  ^^  to  a  continued  fraction,  and  find  its  approxi- 
mate values. 


x2+l_ 3x2+1 _ 


1t+l          4  +  2 
3+1          S> 

2+1 

"(4 

<3+l) 

x2+4    13x2+4 

so' 

2 
1 
4+1 

7x5+8 
80x5+13 

38 
183' 

3+1 
2+1 

SoLUTtoit. —  We  take  Jitbe  fint  tcna  of  Uie continaed  fmclion,  tortbe 
first  ^iproximste  value.  Reducing  the  complex  fraction  formed  by  tbe 
first  two  terms  of  tbe  continued  fraction,  we  have  ^  for  the  second 
ftpproximate  viOue.  In  like  manner,  reducing  the  first  three  terras,  we 
have  j^  for  the  third  approximate  value.  By  examining  tliia  last  process, 
we  perceive  that  the  Ihiid  approximate  value,  -fi,,  la  obtained  bf  moltipty- 
ing  the  terms  of  the  preceding  appro! ioiatlon,  -f^,  by  the  denominator  of 
the  third  term  of  the  continued  fraction,  2,  and  adding  the  corresponding 
terms  of  the  first  approximate  value.  Taking  advantage  of  this  principle, 
we  multiply  the  terms  of  ^  by  the  fourth  denominator,  S,  in  the  con- 
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tinned  fraction,  and  adding  the  corresponding  terms  of  ^g,  obtain  ^/j,  the 
fourth  approximate  value,  which  is  the  same  as  the  originsJ  fraction. 

EuLB.  —  I.  For  the  first  approximate  value,  take  the  first  term 
of  the  continued  fraction, 

II.  For  the  second  approximate  value,  reduce  the  complex  frac- 
tion, formed  by  the  first  two  terms  of  the  continued  fraction, 

III.  For  each  succeeding  approxiifnaJte  value,  m,uUiply  both 
numerator  and  denominator  of  the  last  preceding  approxima- 
tion  by  tlie  neact  denominator  in  the  continued  fraction,  and  add 
to  tlie  corresponding  products  respectively  the  numerator  and 
denominator  of  the  preceding  approximation. 

Noras.  — 1.  Wlien  the  giren  fraction  Is  Improper,  invert  it,  and  rednoe  this  result  to  a 
eootiaoed  fraction ;  then  invert  the  approximate  values  obtained  therefrom. 

9w  In  ft  aeries  of  Approziniftte  values,  the  1st,  8d,  5th,  etc.,  are  greater  than  the  given 
fraetloo ;  and  the  2d,  4th,  6th,  etc.,  are  less  than  the  given  fraction. 

We  may  also  reduce  a  continued  fraction  to  a  common  frac- 
tion by  beginning  at  the  last  term. 

OPERATION. 

Solution. — Taking  the  same  example,  and  reducing 

11       ft 
the  last  two  terms,  we  have  1  -: —  =  -^.    Taking  this 

6      11 

result   with   the   preceding   term,   we   h&ve =s 

38       11  ^^ 

1  ^  ^  =  li.    Again,  taking  this  result  with  the  first 

11       38        *      '  '^ 

term,  we  have  1-— =  1  +  5^  =  ,^. 

4Tll""i63  ^"-'^  ^      ^^ 

38      ^^' 

2.  Find  the  approximate  values  of  ^^, 

3.  Find  the  approximate  values  of  ^^. 

4.  What  are  the  first  three  approximate  values  of  -^^^  ? 

5.  What  are  the  first  five  approximate  values  of  ^^  ? 

6.  Reduce  Jf  to  the  form  of  a  continued  fraction,  and  find 
the  value  of  each  approximating  fraction. 

Reduce  to  common  fractions : 

-1111      ^1111      ^1111 

2  +  34-5  +  4'  5  +  6  +  7  +  8  2  +  3  +  4+5' 


1 

2  + 

1 
6 

5 
11 

1 

3+  6 
11 

11 
38 

1 

38 

I 
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6SSATEST  COMMON  DIVISOS. 

37S.  The  Greatest  CoBunoii  Diyiaor  of  two  or  more  fractions 
is  the  greatest  niimber  which  will  exactly  divide  each  of  them, 
giving  a  whole  number  for  a  quotient. 

Nora. — The  4eiliiition  of  greatest  eommon  divtoor  (f  910)  is  genera],  and  applies  to 
fractions  as  well  as  to  integers. 

274.  In  the  division  of  one  fraction  by  another  the  quotient 
will  be  a  whole  number,  if,  when  the  divisor  is  inverted,  the 
two  lower  terms  may  both  be  canceled.  This  will  be  the  case 
when  the  numerator  of  the  divisor  is  exactly  contained  in  the 
numerator  of  the  dividend,  and  the  denominator  of  the  divisor 
exactly  contains,  or  is  a  muUtple  of,  the  denominator  of  the 
dividend;  as, 

2       3 

13     39";^^  ^  "" 

Principles.  —  I.  A  fraction  is  an  exact  divisor  of  a  givea 
fraction  wJien  its  numerator  is  a  divisor  of  the  numerator  of 
the  given  fraction,  and  its  denominator  is  a  multiple  of  ihe  de- 
nominator of  the  given  fraction, 

II.  A  fraction  is  a  common  divisor  of  two  or  mx>re  given  frac- 
tions when  its  numerator  is  a  common  divisor  of  the  numerators 
of  the  given  fractions,  and  its  denominator  is  a  common  mtdtipk 
of  the  denominators  of  the  given  fractions, 

III.  TJie  greatest  cmnman  divisor  of  two  or  more  given  frac- 
tions is  a  fraction  whose  numerator  is  tJie  greatest  common  divisor 
of  the  numerators  of  tJie  given  fra/^ions,  and  whose  denominator 
is  tJie  least  common  multiple  of  the  denominators  of  tJi€  given 
fractions. 

The  greatest  common  divisor  of  two  or  more  fractions  may  be  found 
by  reducing  the  fractions  to  a  common  denominator,  and  then  finding 
the  greatest  common  divisor  of  the  numerators  of  the  similar  fn^ions 
for  a  numerator,  which  is  written  over  the  common  denonnnator.  The 
following  method,  however,  which  is  developed  directly  from  the  prin- 
ciples, k  shorter : 
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Bzamples. 

275.  To  find  the  greatest  common  divisor  of  two  or  more  frac- 
tions. 

1.  What  is  the  greatest  common  divisor  of  |,  -f^j  and  ||  ? 

SoLirrioN. — The  greatest  common  divisor  of  5,  5,  and  15,  the  given 
nameratois,  is  5.  The  least  common  multiple  of  6,  12,  and  16,  the  given 
denominators,  is  48.  Therefore  the  greatest  common  divisor  of  the 
gi?en  fiactioiis  is  ^  (§  274,  III). 


8 


5 

_   H^ 

.» 

6 

•  48       ^'^ 

'J 

4 

5 
12 

5 

^48  = 

n 

3 

3 

16 

5 

A.            - 

=  ^^X 

0 

16 

•  48 

l^ 

?> 

i^ttoo^. 


8 


=  4 


Prime  to  each  other. 


=  9 


Rule.  — Find  the  greatest  common  divisor  of  the  given  numer- 
ators for  a  new  numerator,  and  the  least  common  multiple  of  the 
given  denominators  for  a  new  denominator.  This  fraction  wiU 
be  the  greatest  common  divisor  sougfU, 

"Scm.  —  Whole  mud  mixed  numbers  must  first  bo  redaood  to  improper  fhusUoiis,  and  aU 
frtetSoaa  to  tiieir  lowest  terms. 

What  is  the  greatest  common  divisor  of : 

2.  |,H,and||?  4.  4,  2  J,  2f ,  and  ^  ? 

5.  3i,  If,  and  If?  6.   109^andl22f? 

6.  What  is  the  length  of  the  longest  measure  that  can  be 
exactly  contained  in  each  of  the  two  distances,  18|  feet  and 
57^  feet  ? 

7.  A  merchant  has  three  kinds  of  oil ;  of  the  first  134|  gal- 
lons, of  the  second  128^  gallons,  of  the  third  115^  gallons ;  he 
wishes  to  ship  the  same  in  full  casks  of  equal  size.  What  is 
the  least  number  he  can  use  without  mixing  the  different  kinds 
of  oil  ?    How  many  casks  will  be  required  ? 
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LEAST  COMMON  MULTIPLB. 

276.  The  Least  Common  Multiple  of  two  or  more  fractions  is 
the  least  number  which  can  be  exactly  divided  by  each  of 
them,  giving  a  whole  number  for  a  quotient. 

NoTR.  —  It  Is  evident  from  this  that  tho  deflnition  of  least  common  maltlple,  $  5t25,  it 
general,  and  applies  to  fractions  as  well  as  to  integers. 

277.  Since  in  performing  operations  in  division  of  fractions 
the  divisor  is  inverted,  it  is  evident  that  one  fraction  will 
exactly  contain  another  when  the  numerator  of  the  dividend 
exactly  contains  the  numerator  of  the  divisor,  and  the  denomi- 
nator of  the  dividend  is  exactly  contained  in  the  denominator 
of  the  divisor ;  as, 

3       3 

25  *  76     ?p      ^ 
Hence,  -f^  is  a  multiple  of  y\. 

Principles.  —  1,  A  fraction  w  a  multiple  of  a  given  fraction 
when  its  numerator  is  a  multiple  of  the  numerator  of  the  given 
fra^ion,  and  its  denominator  ts  a  divisor  of  the  denominator  of 
the  given  fraction. 

II.  A  fraction  is  a  common  multiple  of  two  or  more  given  frojo 
tions  when  its  numerator  is  a  common  multiple  oftlie  numerators 
of  the  given  fractions,  and  its  denominator  is  a  common  divisor 
of  the  denominators  of  the  given  fra>ctions, 

III.  Tlie  least  common  multiple  of  two  or  more  given  fractUyns 
is  a  fraction  whose  numerator  is  tJie  leaM  common  multiple  of  tJie 
numerators  of  the  given  fractions,  and  whose  denominator  is  the 
greatest  common  divisor  of  the  denominators  of  the  given  fractions. 

NoTR.  — The  least  whole  number  that  will  oxactlj  contain  two  or  more  given  ft«ctions 
in  their  lowest  terms,  Is  the  least  common  multiirfe  of  their  numerators. 

The  least  common  multiple  of  two  or  more  fractions  may  be  found  by 
reducing  them  to  a  common  denominator  and  finding  the  least  common 
multiple  of  the  numerators  of  the  similar  fractions,  which  is  written  over 
the  common  denominator;  but  the  following  method,  which  is  directly 
derived  from  the  principles,  is  shorter : 
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Prime  to  each  other. 


Examples. 

278.  To  find  the  least  commoii  multiple  of  two  or  more  frac- 
tions. 

1.  What  is  the  least  common  multiple  of  f,  ^,  and  |f  ? 

SoLUTioK. — The  least  common  multiple  of  3,  5,  and  16,  the  given 
nnmerators,  is  15;  the  greatest  common  divisor  of  4,  12,  and  16,  the 
given  denominators,  is  4.  Hence,  the  least  common  multiple  of  the  given 
fractions  is  i/  =  3|  (§  277,  III). 

PROOP. 

^  *   i  fi 

3      3 
4      12      i^ 

Rule.  — Find  tJie  least  common  multiple  of  the  given  numeror 
tors  for  a  new  numerator,  and  the  greatest  common  divisor  of  the 
given  denominators  for  a  new  denominator.  Tliis  fraction  wiU 
be  the  least  common  multiple  sought, 

NoTS.  —  Mixed  BumberB  mnd  integers  shouM  be  redaeed  to  improper  ftvcUons,  ftod  all 
fractions  to  their  lowest  terms,  before  applying  the  rule. 

2.  What  is  the  least  common  multiple  of  |,  ^,  |^,  and  ^  ? 

3.  What  b  the  least  common  multiple  of  ^j,  |^,  and  ^  ? 

4.  What  is  the  least  common  multiple  of  2|^,  If^,  aud  -j^  ? 
6.  What  is  the  least  common  multiple  of  ^,  ^,  f ,  ^,  f,  f,  |, 

fandVV? 

6.  What  is  the  least  common  multiple  of  ^,  \y  i,  ^,  f,  |,  ^, 

7.  The  driving  wheels  of  a  locomotive  are  16f^  feet  in  cir- 
cumference, and  the  trucks  9f  feet  in  circumference.  What 
distance  must  the  train  move,  in  order  to  bring  the  wheel  and 
truck  in  the  same  relative  positions  as  at  starting  ? 
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Examples  for  Reriew. 

279.  1.  Change  ^  of  ^  to  an  equivalent  fraction  having  135 
for  its  denominator. 

2.  Beduce  f ,  |,  f ,  and  W  to  equivalent  fractions,  whose 
denominators  shall  be  48. 

8.   Find  the  least  common  denominator  of  1^,  f ,  2,  ^,  | 

ofi^ofi. 

1  of  4  4  of  4 

4.  The    sum    of        ,      and  J  ^  T.  is  equal  to  how  many 

times  their  difference?     *  »         t 

544 
6.  The  less  of  two  numbers  is  r— f^>  and  their  difference 

14  i^^^ 

^,   What  is  the  greater  number  ? 

6.  What  number  multiplied  by  f  of  |  x  3f ,  will  produce  |f  ? 

7.  Find  the  value  of : 

2     ^    12   +^^  +  i)"*"^'*  +  T)  +  "g|"- 

8.  What  number  diminished  by  the  difference  between  ^ 
and  ^  of  itself,  leaves  a  remainder  of  144? 

9.  A  man  after  spending  ^,  f,  and  \  of  his  money,  had 
9 119  left.    How  much  had  he  at  first  ? 

10.  What  will  i  of  10  J  cords  of  wood  cost,  at  ^  of  942  per 
cord? 

11.  There  are  two  numbers  whose  difference  is  25^,  and 
one  number  is  ^  of  the  other.     What  are  the  numbers  ? 

12.  Divide  11^2000  between  A  and  B,  so  that  one  shall  have 
I  as  much  as  the  other.  ^ 

SuGMissTioN. — There  will  be  7  +  0  =  16  parts.    A  will  receive  ^  and 

18.  A  horse  and  carriage  cost  $  700.  If  the  carriage  cost 
•|  as  much  as  the  horse,  what  was  the  cost  of  each  ? 

14.  If  a  man  travels  4  miles  in  f  of  an  hour,  how  far  would 
he  travel  in  1^  hours  at  the  same  rate  ? 

15.  At  1^  ^  a  yard,  how  many  yards  of  silk  can  be  bought  for 
»10f? 
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16.  How  many  bushels  of  oats,  worth  9  J  a  bushel,  will  pay 
for  }  of  a  barrel  of  flour  at  $  4^  a  barrel  ? 

17.  A  boy  having  lost  \  of  his  money  and  then  |  of  the  re- 
mainder, had  9  2.50  left.     How  much  had  he  at  first  ? 

ScG6S9TIOK.  —  J— (JofJ)  =  $2.50. 

18.  \  man  lost  20%  of  his  money  in  business  and  used  ^  of 
the  remainder  for  household  expenses,  after  which  he  had 
9  8000.    How  much  had  he  at  first  ? 

19.  If  f  of  a  bushel  of  barley  is  worth  f  of  a  bushel  of 
com,  and  corn  is  worth  9  }  per  bushel,  how  many  bushels  of 
barley  can  be  bought  for  9 15  ? 

20.  If  48  is  ^  of  some  number,  what  is  f  of  the  same 
number? 

21.  A  man  divided  his  estate  among  his  three  sons  as  fol- 
lows :  to  the  first  son  he  gave  f  of  it ;  to  the  second  he  gave 
I  of  the  remainder.  The  difference  between  the  portions  given 
to  the  first  and  second  son  was  9  500.  What  was  the  value  of 
the  whole  estate,  and  how  much  was  the  third  son's  share  ? 

22.  If  7^  tons  of  hay  cost  960,  how  many  tons  can  be 
bought  for  9  78,  at  the  same  rate  ? 

28.  If  a  man  agrees  to  do  a  job  of  work  in  30  days,  what 
part  of  it  ought  he  to  do  in  16^  days  ? 

24.  A  can  do  a  piece  of  work  in  5  days,  B  can  do  it  in  6 
days,  and  C  in  4  days.  In  what  time  can  they  do  it  working 
together  ? 

Solution.  — We  most  first  find  what  part  each  can  do  in  1  day.  A 
can  do  J  of  the  work  in  1  day,  B  ^^  C  J.  Together  they  do  J  +  J  +  J  =  f } 
in  1  day.    Therefore  it  will  take  them  1  -*-}{  =  }^  =  l}f  days  Ans, 

25.  A  can  do  a  certain  piece  of  work  in  8  days,  and  B  can 
do  the  same  work  in  6  days.  In  what  time  can  both  together 
doit? 

26.  A  certain  pipe  will  fill  a  cistern  with  water  in  20 
minutes,  and  another  pipe  will  fill  it  in  15  minutes.  If  both 
pipes  are  running  together,  in  what  time  will  the  cistern  be 
filled? 
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27.  A  can  shell  a  number  of  peas  in  45  minutes,  B  in  30 
minutes,  C  in  35  minutes,  and  D  in  60  minutes.  In  what  time 
can  they  shell  them  if  they  all  work  together  ? 

28.  A  father  divided  a  piece  of  land  among  his  three  sons; 
to  the  first  he  gave  12}  acres,  to  the  second  |  of  the  whole,  and 
to  the  third  as  much  as  to  the  other  two.  How  many  aores  did 
the  third  have  ? 

29.  If  cloth  1^  yards  in  breadth  requires  20^  yards  in 
length  to  make  a  certain  number  of  garments,  how  many  yards 
in  length  will  cloth  f  of  a  yard  wide  require  to  make  the  same 
number? 

30.  A  man  owning  f  of  an  iron  foundry,  sold  ^  of  his  share 
for  $  2570  J.     How  much  was  the  whole  foundry  worth  ? 

31.  Suppose  the  cargo  of  a  vessel  to  be  worth  9 10000,  and 
^  of  ^  of  -^jf  of  the  vessel  to  be  worth  ^  of  |  of  1^  of  the 
cargo ;  what  is  the  whole  value  of  the  ship  and  cargo  ? 

32.  If  I  of  6  bushels  of  wheat  cost  4^4^,  how  much  will  | 
of  1  bushel  cost  ? 

33.  A  man  engaging  in  trade  lost  f  of  the  money  he 
invested,  after  which  he  gained  $  740,  and  then  had  $  3500. 
How  much  did  he  lose  ? 

34.  A  cistern  being  full  of  water  sprung  a  leak,  and  before 
it  could  be  stopped,  {  of  the  water  ran  out,  but  f  as  much  ran 
in  at  the  same  time.     What  part  of  the  cistern  was  emptied  ? 

36.   A  certain  pipe  will  £11  a  tub  in  8  minutes,  and  another 

pipe  will  empty  it  in  5  minutes.     If  the  tub  is  full,  and  both 

pipes  are  opened,  in  what  time  will  it  be  emptied? 

Solution. — The  first  pipe  fills  \  every  minute  and  the  second  pipe 
empties  |  every  minute.  Hence,  i  —  i  or  ^  is  emptied  every  minute,  and 
1-4- ^^=^  =  13}  minutes  will  be  required  to  empty  the  tub. 

36.  A  merchant  sold  5  barrels  of  flour  for  $  32^,  which  was 
1^  as  much  as  he  received  for  all  he  had  left,  at  $  4  a  barrel. 
How  many  barrels  in  all  did  he  sell  ? 

37.  AVhat  is  the  least  number  of  gallons  of  vinegar,  ex- 
pressed by  a  whole  number,  that  will  exactly  fill,  without 
waste,  bottles  containing  either  ^,  |,  ^,  or  ^  gallons  ? 
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38.  A,  B,  and  C  start  at  the  same  point  in  the  circumference 
of  a  circular  island,  and  travel  round  it  in  the  same  direction. 
A  makes  ^  of  a  revolution  in  a  day,  B  -^,  and  C  ^.  In  how 
many  days  will  they  all  be  together  at  the  point  of  starting  ? 

39.  Two  men  are  64|  miles  apart,  and  travel  toward  each 
other ;  when  they  meet  one  has  traveled  5^  miles  more  than 
the  other.     How  far  has  each  traveled  ? 

40.  There  are  two  numbers  whose  sum  is  l-j^,  and  whose 
difference  is  f .     What  are  the  numbers  ? 

41.  A,  B,  and  C  own  a  ferry  boat ;  A  owns  ^^  of  the  boat, 
and  B  owns  ^^  of  the  boat  more  than  C.  What  shares  do  B 
and  C  own  respectively  ? 

42.  A  schoolboy  being  asked  how  many  dollars  he  had,  re- 
plied, that  if  his  money  were  multiplied  by  \\,  and  ^  of  a 
dollar  were  added  to  the  product,  and  f  of  a  dollar  taken  from 
the  sum,  this  remainder  divided  by  ^  would  be  equal  to  the 
reciprocal  of  ^  of  a  dollar.     How  much  money  had  he  ? 

43.  A  man  bought  728  pounds  of  candles  at  16 1  cents  a 
pound.  Had  they  been  purchased  for  3^  cents  less  a  pound, 
how  many  pounds  could  have  been  bought  for  the  same  money  ? 

44.  What  number,  divided  by  If,  will  give  a  quotient  of  9  J  ? 

45.  A  man  put  his  money  into  4  packages ;  in  the  first  he 
put  {,  in  the  second  \,  in  the  third  ^,  and  in  the  fourth  the 
remainder,  which  was  $  24  more  than  1*3^  of  the  whole.  How 
much  money  had  he  ? 

46.  A  boy  lost  \  of  his  kite  string,  and  then  added  30  feet, 
when  it  was  just  \  of  its  original  length.  What  was  the  length 
at  first  ? 

47.  A  post  stands  \  in  the  mud,  \  in  the  water,  and  21  feet 
above  the  water.     What  is  its  length  ? 

48.  A  cistern  which  is  filled  by  a  certain  pipe  in  3  hours, 
is  emptied  by  another  pipe  in  4  hours.  If  the  cistern  is  empty 
and  both  pipes  are  opened,  how  long  will  it  take  to  fill  it  ? 

49.  If  the  cistern,  in  Example  48,  is  full  and  both  pipes  are 
opened,  what  will  be  the  amount  of  overflow  in  1  hour  ? 
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60.  If  a  certain  number  is  increased  bj  If,  this  sum  dimin> 
ished  by  f ,  this  remainder  multiplied  bj  5},  and  this  product 
divided  by  If,  the  quotient  will  be  7^.      What  is  the  number  ? 

51.  If  f  of  ^  of  S^  times  1  is  multiplied  by  ^,  the  product 
divided  by  f ,  the  quotient  increased  by  4^,  and  the  sum  dimin- 
ished by  f  of  itself,  what  will  the  remainder  be  ? 

52.  What  number  is  that  whose  ^  and  ^  together  equal  9  ? 
58.   A  and  B  together  can  do  a  piece  of  work  in  2  days,  A 

and  G  in  3  days,  and  B  and  G  in  4  days.  How  long  will  it 
take  them  all  together,  and  how  long  will  it  take  each  work- 
ing alone  to  do  the  work  ? 

Solution.  — :  A  and  B  together  do  i  the  work  in  1  day. 
A  and  C  together  do  |  the  work  in  1  day. 
B  and  C  together  do  \  the  work  in  1  day. 

}  +  i  +  i  =  ||  =  twice  the  work  A,  B,  and  C  do  In  1  day, 
since   A's  +  B's  +  A's  +  C's  +  B's  +  C'd  =  2  x  (A's  +  B's  +  C'b). 
1}  -^  2  =  I},  the  work  A,  B,  and  C  do  in  1  day. 
1  -^  I J  =  1}  =  1  [^,  the  number  of  days  in  which  A,  B,  and  C 
together  do  the  work. 
Since  A,  B,  and  C  do  J |  in  1  day,  and  A  and  B  J  or  }},  C  must  do  }|  —  }} 
=r  ,^^  in  1  day,  and  it  will  take  him  24  days  to  do  the  work.    B  must  do 
^}  —  j  =  /f  in  1  day,  and  it  will  take  him  4}  days,  and  A  must  do  ^^  — 
^  =  /f  in  1  day,  and  it  will  take  him  3 J  days. 

All  together  will  do  the  work  in  1^^  days. 
A  alone  will  do  the  work  in  3f   days. 
B  alone  will  do  the  work  in  4i  days. 
C  alone  will  do  the  work  in  24   days. 

54.  A,  B,  and  G  can  do  a  piece  of  work  together  in  5  days,  B 
and  G  can  do  it  in  6  days,  and  A  and  G  in  8  days.  In  what 
time  can  each  do  the  work  alone  ? 

55.  Two  pipes,  A  and  B,  can  fill  a  tank  in  8  minutes,  B  and 
G  can  fill  it  in  10  minutes,  and  A  and  G  in  12  minutes.  In 
what  time  will  the  tank  be  filled  if  all  three  pipes  are  opened  ? 
In  what  time  will  each  pipe  alone  fill  the  tank  ? 

56.  A  can  do  a  piece  of  work  in  8  days,  A  and  B  can  do  it 
in  5  days,  and  B  and  G  in  6  days.  In  what  time  can  A,  B,  and 
G  do  the  work?    AandG?    B?    G? 

57.  If  to  I  of  a  certain  number  you  add  f  of  |  of  f  of  18, 
the  answer  will  be  22.    What  is  the  number  ? 
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280.  A  Decimal  Fraction  is  one  or  more  of  the  decimal  divi- 
sions of  a  unit  (§  13). 

Nom.  —  1.  The  word  €lecimiU  to  derived  from  the  Latla  decern,  which  BignllleB  tmi. 
8.  Decimal  fractions  are  commonly  caUed  deeimaU. 

For  Notation,  Addition,  and  Subtraction  of  decimals,  see 
|§  47-^,  73,  86, 

SSDUCTIOn. 

Examples. 

281.  To  reduce  decimals  to  a  common  denominator. 

1.  Reduce  .5,  .24,  .7836,  and  .375  to  a  common  denominator. 

Solution. — A  common  denominator  must  contain  as 

opBRATioir.    many  decimal  places  as  are  equal  to  the  greatest  number  of 

aciTif^  \  decimal  places  in  any  of  tlie  given  decimals.    We  find  that 


.2400 
.7836 
.37o0j 


the  third  number  contains  four  decimal  places,  hence  10000 
j^ng,  must  be  a  common  denominator.  As  annexing  ciphers  to 
decimals  does  not  alter  their  value,  we  give  to  each  number 
four  decimal  places,  by  annexing  ciphers,  and  thus  reduce 
the  given  decimals  to  a  common  denominator. 

BuLE.  —  Oive  to  each  number  tJie  same  number  of  decimal 
place9f  by  annexing  ciphers. 

KoTBB.  —  1.  If  the  nnmhers  are  reduced  to  the  denominator  of  that  one  of  the  given 
nnrabera  haring  the  greatest  aamber  of  d^mal  places,  they  vrill  have  their  l0<ut  oommon 
d^imnl  denominator. 

S.  An  Integer  may  readily  be  reduced  to  any  decimal  by  placing  the  decimal  point  after 
units,  and  annexing  ciphers ;  one  cipher  reducing  it  to  tenths,  two  ciphers  to  hundredths, 
three  ciphers  to  thousandths,  and  so  on. 

Reduce  to  their  least  common  denominator : 
a.  .18,  .466,  .0075,  .000001,  .05,  .3789,  .5943786,  and  .001. 
9.   12  thousandths,  185  millionths,  and  936  billionths. 
4.  57.3,  900,  4.7555,  and  100.000001. 

167 
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282.  To  reduce  a  decimal  to  a  common  fraction. 

1.  Keduce  .375  to  an  equivalent  common  fraction. 

OPERATION.  Solution. — Writing  the   decimal   figures   375 

.375  =   875  --  8      over  the  deiioininator,  1000,  we  have  AVff?  ^hicb, 

reduced  to  its  lowest  terms,  equals  |. 

EuLE.  —  Omit  the  decimal  point,  supply  the  proper  denomina- 
tor, and  reduce  the  fraction  to  its  lowest  terms. 
Keduce  to  common  fractions : 

2.  .752.  6.   .68.  8.   .375. 

3.  .628.  6.   .5625.  9.   .625. 

4.  .12.  7.   .024.  10.   .875. 
14.   Reduce  .13^  to  a  common  fraction. 

OPERATION. 


11.  .00032. 

12.  .002624. 

13.  .00315. 


.13i 


100     300     15 


Ans. 


Non.  —  Tho  decimal  .18|  may  properly  be  called  a  complex  dedaud. 

Change  to  common  fractions : 

16.    .57f.  17.    .14|.  19.    .024|.  21.    .444f 

16.    .66}.  18.    .42f  20.    .984|.  22.    .875. 

23.  Express  24.74  by  an  integer  and  a  common  fraction. 

24.  Reduce  2.1875  to  an  improper  fraction. 
26.   Reduce  1.64  to  an  improper  fraction. 
26.   Reduce  7.496  to  an  improper  fraction. 
283.  To  reduce  a  common  fraction  to  a  decimal 
1»   Reduce  |  to  its  equivalent  decimal. 


FIRST   OPERATION. 

f =l*!H^=Tm=-625  Ans. 

SECOND   OPERATION. 

8)5.000 

.625  Ans. 


Solution.  —  We  first  annex  the 
same  number  of  ciphers  to  both  terras 
of  the  fraction  ;  this  does  not  alter  its 
value  (§  245,  III)  ;  we  then  divide 
both  resulting  terms  by  8,  the  sig- 
nificant figure  of  the  denominator, 
and  obtain  the  decimal  denominator, 

1000.    Omitting  the  denominator,  and  prefixing  the  sign,  we  have  the 

equivalent  decimal,  .625. 

In  the  second  operation,  we  omit  the  intermediate  steps,  and  obtain 

the  result,  practically,  by  annexing  the  three  ciphers  to  the  numerator,  5, 

and  dividing  the  result  by  the  denominator,  8.    Or,  since  )  is  }  of  6,  we 

divide  5  (reduced  to  a  decimal)  by  8. 
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2.  Reduce  yf^  to  a  decimal. 


OFBRATIOH. 

125)3.000 

.024 
Ans. 


Solution.  —  Dividing  as  in  Ex.  1,  we  obtain  a  quotient 
of  2  figures,  24.  But  since  3  ciphers  have  been  annexed 
to  the  numerator,  3,  there  must  be  three  places  in  the 
required  decimal ;  hence  we  prefix  1  cipher  to  the  quotient 
figures,  24.    The  reason  of  this  is  also  shown  as  follows : 


EuLE.  —  Annex  ciphera  to  Hie  numerator,  and  divide  by  the 
denominator.  Point  off  as  ma.ny  decimal  places  in  the  result  as 
are  equal  to  the  number  of  ciphers  annexed. 

NoTB.  —  If  tlie  dlrislon  is  Bot  exaei  when  a  saffldent  number  of  decfanal  terms  have 
bera  obtained,  the  sign,  +,  may  be  annexed  to  the  decimal  to  indleate  that  there  is  still  a 
remaimler.  When  this  remainder  is  snch  that  the  next  dednuJ  term  would  be  6  or 
greater  than  5,  the  last  term  of  the  terminated  dedroal  may  be  Increased  bj  1,  and  the 
al^,  — ,  annexed.  And  in  general,  +  denotes  that  the  written  decimal  Is  too  small,  and  — 
denotes  that  the  written  decimal  is  too  laige ;  the  error  always  being  less  than  one  half  of  a 
unit  in  the  last  jrfaee  of  the  dedmaL 


Reduce  to  decimals : 


10.  if. 

11.  ^ 


mnnr' 


12. 
13. 
14. 


3.  J.  6.    i|. 

4.  ^^.  7.   H. 

^'  i'  ®-  A- 

Beduce  to  simple  decimals : 

18.  .2^.  20.     .3yii^. 

19.  5.78if.  21.   4.0^. 

284.   The  following  fractions  and  decimal 
be  committed  to  memory : 

i=.50.  f  =  .80. 


A. 

il- 


ls. H- 

16.  ^. 

17.  f^. 


22.  .30Tiek- 

23.  102.09|. 

equivalents  should 


i  = 
1  = 

i  = 

t  = 
i  = 


33i. 

661. 

25. 

75. 

20. 

40. 

60. 


16|. 

28^. 
42f 
57f 
71f 


I 
i 
i 
i 
i 

* 
i 


=  .86f 
=  .12f 
=  .37|. 
=  .62^. 
=  .87^ 
=  .11  J. 
=  .22f 
—  Mi 

•~"  .  &xg. 


65f 

77f 

09tV. 

08i- 
06J. 

05. 

04. 

02. 
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KULTIPLICATIOir. 

285.  For  multiplication  of  decimals  by  integers,  see  §  103. 
In  multiplication  of  decimals  by  decimals,  the  location  of  the 
decimal  point  in  the  product  depends  upon  the  following  prin- 
ciples : 

Principles.  —  I.  The  numher  of  ciphers  in  the  denominator 
of  a  decimal  is  equal  to  the  number  of  dednuil  places. 

II.  If  we  find  tlie  product  of  two  dedmalsj  in  the  fractional 
form,y  the  denominalor  wiU  contain  as  many  ciphers  09  Uiere  are 
decimal  places  in  both  factors. 

III.  The  product  of  two  decimals,  expressed  in  the  decimal 
form,  must  contain  as  many  decim^  places  as  there  are  decimal 
places  in  both  factors. 

Bzamples. 

286.  To  multiply  by  a  dedmaL 
1.   Multiply  .45  by  .7. 

OPE  RATION.  Solution.  —  We  first  multiply  as  in  whole 

45  numbers ;  then,  since  the  multiplicand  has 

n.  2  decimal  places  and  the  multiplier  1,  we 

!_  point  off  2  +  1=3  decimal  places  in  the 

.315   Ans.  product  (§  286,  III).    The  reason  of  this  is 

PROOF.  further  illustrated  in  the  proof,  a  method 
.  e         .         • ,  K        oi  er     applicable  to  all  similar  cases. 

Rule.  —  Multiply  as  in  whole  numberSy  and  from  the  right 
hand  of  tlie  product  point  off  as  many  figures  for  decimals  as 
tliere  are  decimal  places  in  both  favors. 

Nom.  —  1.  If  there  are  not  as  many  flares  in  the  prodaet  as  there  are  dedmaLi  in  both 
IkctorSf  supply  the  deficiency  by  prefixing  ciphers. 

2.  To  multiply  a  decimal  by  10, 100, 1000,  etc.,  remore  the  point  as  many  pAaoes  to  the 
right  OS  there  are  ciphers  on  the  right  of  the  ninltipUer. 

Multiply : 

2.  .75  by  .41.  7.  .0075  by  .005.  12.  100000  by  .576. 

3.  .436  by  .24.  8.  3.24  by  .324.  13.  7 J  by  5f 

4.  5.75  by  .36.  9.  75.64  by  .225.  14.  .63tby24. 
6.  .756  by  .025.  10.  5.728  by  100.  U.  4^^  by  7^. 

6.  3.784  by  2.475.   11.  .36  by  1000.    16.  10000  by  .0001. 
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17.  Find  the  value  of  3.425  x  1.265  x  64. 

18.  Find  the  value  of  32  x  .57825  x  .25. 

19.  If  a  cubic  foot  of  granite  weighs  168.48  pounds,  what 
will  be  the  weight  of  a  granite  block  containing  27f  cubic  feet  ? 

20.  When  a  bushel  of  corn  is  worth  2.8  bushels  of  oats,  how 
many  bushels  of  oats  must  be  given  for  36.5  bushels  of  corn  ? 

21.  At  the  rate  of  $9.50  on  $1000,  what  amount  of  tax 
should  be  paid  on  a  house  worth  $  15575  ? 

COXTKACTED    MULTIPLICATION. 

287.   It  is  frequently  the  case  in.  multiplication  of  decimals, 

that  a  greater  number  of  decimal  figures  is  obtained  in  the 

product,  than  is  necessary  for  practical  accuracy.     This  may 

be  avoided  by  contracting  each  partial  product  to  the  required 

number  of  decimal  places. 

To  investigate  the  principles  of  this  mithod,  let  us  take  the  two 
decimals  .12::$45  and  .54821,  and  having  reversed  the  order  of  the  digits 
in  the  latter,  and  written  it  under  the  former,  multiply  each  term  of  the 
direct  number  by  the  term  below  in  the  reversed  number,  placing  the 
products  with  like  orders  of  units  in  the  same  column,  thus : 

.12345  direct   =  .12345 
.54321  reversed  =  12345. 


.000025=. 00005  X. 5 
.000016  =  .0004  X.04 
.000009  ==  .003  X  .003 
.000004  =  .02   X  .0002 
.000001  =  .1    X  .00001. 

In  this  operation  we  perceive  that  all  the  products  are  of  the  same 
order ;  and  this  must  always  be  the  case,  whether  the  numbers  used  are 
fractional,  integral,  or  mixed.  For,  as  we  proceed  from  right  to  left  in 
the  multiplication,  we  pass  regularly  from  lower  to  higher  orders  in  the 
direct  number,  and  from  higher  to  lower  in  the  reversed  number. 

Principle.  —  If  one  number  is  written  under  another  with  Hie 
order  of  its  digits  reversed,  and  eoich  unit  of  the  reversed  number 
is  jnultiplied  by  the  unit  above  it  in  the  direct  number,  the  prod- 
ucts will  all  be  of  the  sam^  order  of  imits. 

ROB.  NEW  HIGHER  AR.  —  11 
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Examples. 

288.   To  obtain  a  given  number  of  decimal  places  in  the  product 

1.   Multiply  4.78567  by  3.25765,  retaining  only  3  decimal 
places  in  the  product. 


OPBRATIOK. 

4.78567 
56752.3 


14357  = 

4785 

x3-f2 

957  = 

478 

x2-f-l 

239  = 

47 

x54-4 

33  = 

4 

x7-f-5 

3  = 

0 

x6  +  3 

15.589  ±  Ana, 


Solution. — Since  the  product  of  any 
term  by  units  is  of  the  same  order  as  the 
term  multiplied  (§  102,  II),  we  write  3,  the 
units  of  the  multiplier,  imder  5,  the  third 
decimal  term  of  the  multiplicand,  and  the 
lowest  order  to  be  retained  in  the  product ; 
and  the  other  terms  of  the  multiplier  we 
write  in  the  inverted  order,  extending  to 
the  left.  Then,  since  the  product  of  3  and 
6  is  of  the  third  order,  or  thousandths,  the 
products  of  the  other  corresponding  terms 
at  the  left,  2  and  8,  5  and  7,  7  and  4,  etc., 
will  be  thousandths,  §  287,  Prin. ;  and  we  therefore  multiply  each  term  of 
the  multiplier  by  the  terms  above  and  to  the  left  of  it  in  the  multiplicand, 
carrying  from  the  rejected  figures  of  the  multiplicand,  as  follows :  3  times  6 
are  18,  and  as  this  is  nearer  2  units  than  one  of  the  next  higher  order,  we 
must  carry  2  to  the  first  contracted  product ;  3  times  6  are  15,  and  2  to 
be  carried  are  17  ;  writing  the  7  under  the  3,  and  multiplying  the  other 
terms  at  the  left  in  the  usual  manner,  we  obtain  14357  for  the  first  par- 
tial product  Then,  beginning  with  the  next  term  of  the  multiplier, 
2  times  5  are  10,  which  gives  1  to  be  carried  to  the  second  x>artial  product; 
2  times  8  are  16,  and  1  to  be  carried  are  17  ;  writing  the  7  under  the  first 
figure  of  the  former  product,  and  multiplying  the  remaining  left-hand 
terms  of  the  multiplicand,  we  obtain  957  for  the  second  i)artial  product 
Then,  5  times  8  are  40,  which  gives  4  to  be  carried  to  the  third  partial 
product ;  5  times  7  are  35  and  4  are  39 ;  writing  the  9  in  the  first  column 
of  the  products,  and  proceeding  as  in  the  former  steps,  we  obtain  239  for 
the  third  partial  product  Next,  multiplying  by  7  in  the  same  mannert 
we  obtain  33  for  tlie  fourth  partial  product  Lastly,  beginning  2  places 
to  the  right  in  the  multiplicand,  6  times  7  are  42  ;  6  times  4  are  24,  and  4 
are  28,  which  gives  3  to  be  carried  to  the  fifth  partial  product ;  6  times  0 
is  0,  and  3  to  be  carried  are  3,  which  we  write  for  the  last  partial  product. 
Adding  the  several  partial  products,  and  pointing  off  3  decimal  places,  we 
have  16.589,  the  required  product. 

Rule.  —  I.  Write  the  multiplier  with  the  order  of  its  figures 
reversed,  and  with  the  unit^  term  under  thai  figure  of  the  muUir 
plicand  which  represents  the  lowest  decimxd  order  to  he  retained 
in  the  product. 
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U.  Find  (he  product  of  each  term  of  the  muttipLier  by  tlie 
terms  in  the  multiplicand  above  and  to  the  left  of  it,  increasing 
each  partial  product  by  as  many  units  as  would  have  been  carried 
from  the  rejected  part  of  the  multiplicand,  and  one  more  when  the 
highest  term  in  the  rejected  part  of  any  product  is  &  or  greater 
than  5 ;  and  write  these  partial  products  with  the  lowest  term  of 
each  in  the  same  column. 

III.  Add  the  partial  products,  a^id  from  the  right  hand  of  the 
result  point  off  the  required  number  of  decimal  places, 

Nom.  —  1.  In  obtaining  the  nnmber  to  be  carried  to  eaob  contracted  partial  product.  It 
is  generillj  neoesMuy  to  multiply  (mentally)  only  one  term  at  the  right  of  the  term  above 
the  maltipUer ;  but  when  the  terma  are  laqre,  the  mnltlpUoation  shoold  commence  at  least 
two  plaeea  to  the  rl^ht. 

2.  When  the  nomber  of  unite  In  the  highest  order  of  the  rejected  part  of  the  product  is 
betneen  5  and  Ifi,  we  carry  1 ;  when  between  15  and  25,  we  carry  8  ;  when  between  85  and 
83^  we  cany  8 ;  and  so  on. 

8.  There  is  always  a  liability  to  an  error  of  one  or  two  units  in  the  last  plaee ;  and  as 
tiie  answer  nMy  be  either  too  great  or  too  small  by  the  amount  of  this  error,  the  uncertainty 
may  be  tndiuted  by  the  doable  sign,  ±,  read,  plwi,  or  mtntM,  and  placed  after  the  product 

4.  When  the  number  of  decimal  places  in  the  multiplicand  is  less  than  the  number  to  b« 
rstsined  in  the  product,  the  deficiency  must  be  siipplied  by  annexing  ciphers. 

2.  Multiply  236.45  by  32.46357,  retaining  2  decimal  places 
in  the  product. 

8.  Multiply  2.663789  by  .0347263,  retaining  6  decimal  places 
in  the  product 

2.  3. 


OPBRATION. 

OPERATION. 

236.450 

2.563789 

75364.23 

3627430. 

709350 

76914 

47290 

10255 

9458 

1795 

1419 

51 

71 

15 

12 

1 

2 

.089031  ±  Ans 

7676.02  ±  Ans. 

4.   Multiply  215.72  by  4.347892,  retaining  four  decimal  places 
in  the  product. 
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6.   Multiply  .24367  by  36.75,  retaining  2  decimal  places  in 
the  product 

6.  Multiply  4256.785  by  .00564,  rejecting  all  beyond  the 
third  decimal  place  in  the  product. 

7.  Multiply  357.84327  by  1.007806,  retaining  4  decimal 
places  in  the  product. 

8.  Multiply  272.345  by  7.0003,  retaining  4  decimal  places 
in  the  product. 

9.  Multiply  999.999  by  .0909,  retaining  5  decimal  places  in 
the  product. 

10.  Multiply  300060.5  by  .04002,  retaining  3  decimal  places 
in  the  product 

11.  Multiply  400.756  by  1.367583,  retaining  2  decimal  places 
in  the  product. 

12.  Multiply  432.5672  by  1.0666666,  retaining  3  decimal 
places  in  the  product. 

13.  Multiply  48.4367  by  2y\,  extending  the  product  to  3 
decimal  places. 

14.  Multiply  7yf  2  by  3|||,  extending  the  product  to  3 
decimal  places. 

15.  Multiply  36.275  by  4.3678,  retaining  1  decimal  place  in 
the  product. 

16.  Multiply  9765.493  by  .0509187,  retaining  6  decimal 
places  in  the  product. 

17 .  The  first  satellite  of  Uranus  moves  in  its  orbit  142.8373  -f 
degrees  in  1  day.  Find  how  many  degrees  it  will  move  in  2.52035 
days,  cariying  the  answer  to  2  decimal  places. 

18.  A  gallon  of  distilled  water  weighs  8.33888  pounds. 
How  many  pounds  are  there  in  35.8756  gallons? 

19.  One  French  meter  is  equal  to  1.09356959  English  yards. 
How  many  yards  are  there  in  478.7862  meters  ? 

20.  The  polar  radius  of  the  earth  is  6356078.96  metei*s,  and 
the  equatorial  radius,  6377397.6  meters.     Find  the  two  radii, 

and  tbeir  difference,  to  the  nearest  twmdx^dthof  a  mile,  1  meter 
being  equal  to  0.000621346  oi  a  m\\e. 
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DIVISION. 

289.  For  division  of  decimals  by  integers,  see  §  164.  In 
division  of  decimals  by  decimals  the  location  of  the  decimal 
point  in  the  quotient  depends  upon  the  following  principles : 

Pbinciples.  —  I.  If  one  decimal  number  in  the  fractional  form 
is  divided  by  another,  also  in  the  fractional  form,  the  detiominator 
of  the  quotient  must  coiUain  as  many  ciphers  as  the  number  of 
ciphers  in  Uie  denomi)¥JUor  of  the  dividend  exceeds  the  number  in 
the  denominator  of  the  divisor. 

IL  The  quotient  of  one  number  divided  by  another  in  the  deci- 
mal form  must  contain  as  many  decimal  pla^xs  a^  the  number  of 
decimal  places  in  the  dividend  exceeds  the  number  in  the  divisor. 


Examples. 


290.  To  divide  by  a  decimal. 
1.  Divide  34.368  by  5.37. 


OPERATION. 


5.37)  34.368  (6.4  Ans. 
3222 

2148 
2148 


PROOF. 


64 
10 


64 
10 


=  ??  =  6.4 


Solution.  —  We  first  divide  as  in  whole 
numbers ;  then,  since  the  dividend  has  3 
decimal  places  and  the  divisor  2,  we  point 
off  3  —  2  =  1  decimal  place  in  the  quotient 
(§285,  III).  The  correctness  of  the  work  is 
shown  in  the  proof,  where  the  dividend  and 
divisor  ara  written  as  common  fractions. 
For,  when  we  have  canceled  the  denomi- 
nator of  the  divisor  tvom  the  denominator 
of  the  dividend,  the  denominator  of  the 
quotient  must  contain  as  many  ciphers  as 
the  number  of  ciphers  in  the  dividend  ex- 
ceeds those  in  the  divisor. 


KuLE.  —  Divide  as  in  whole  numbers,  and  from  the  right  hand 
of  the  quotient  point  off  as  many  places  for  decimals  as  the  deci- 
mal pla^xs  in  the  dividend  exceed  those  in  tJie  divisor. 

Horn.  —  1.  If  the  nnmb«r  of  figures  in  the  quotient  Is  less  than  the  excess  of  the 
dedmal  plaoes  in  the  dividend  over  those  in  the  divisor,  the  deficiency  must  be  snppUed  by 
preflzimr  eiph^rs. 

S.  If  then  Is  a  remainder  after  dividing  the  dividend,  ftniiVL  c\^'^«tv^^'^^'^^'^^*^^^ 
dirhioa ;  the  dphwB  Maoexed  are  declmala  of  the  dWMend. 
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8.  The  dividend  should  always  contain  at  least  as  manj  decimal  places  as  the  dlTisor, 
beforo  oommenctn^  the  division  ;  the  quotient  figures  will  then  he  integers  till  all  the  ded- 
mals  of  the  dividend  have  been  used  iu  the  partial  dividends. 

4.  To  divide  a  decimal  by  10,  100,  1000,  etc.,  ure  must  remove  the  point  as  many  places 
to  the  left  as  there  are  ciphers  on  the  right  of  the  divisor. 

Divide : 

2.  96188  by  3.46.  8.  .0026  by  .003. 

3.  46.1975  by  54.36.        9.  3.6  by  .00006. 

4.  .014274  by  .061.        10.  3  by  450. 

6.  .952  by  4.76.  11.  75  by  10000. 

6.  345.15  by  .075.         12.  4.36  by  100000. 

7.  .8  by  476.3.  13.  645.5  by  1000. 

14.  How  many  men  will  it  take  to  build  154.125  rods  of 
fence  in  1  day  if  each  builds  6.165  rods? 

15.  How  many  coats  can  be  made  from  16.2  yards  of  cloth^ 
allowing  2.7  yards  for  each  coat  ? 

16.  If  a  man  travels  36.34  miles  a  day,  how  long  will  it 
take  him  to  travel  674  miles  ? 

17.  How  many  revolutions  will  a  wheel  14.25  feet  in  cir- 
cumference make  in  going  a  distance  of  1  mile  or  5280  feet  ? 

18.  A  man  having  $  4000  wishes  to  exchange  it  for  marks 
(German  money).  If  1  mark  is  equal  to  $  .238,  how  much  will 
he  get  in  exchange  ? 

19.  A  city  was  taxed  $575  on  3650000  worth  of  property. 
What  was  the  tax  on  a  dollar,  and  what  was  the  amount  of 
Mr.  Jefferson's  tax,  who  owned  $569  worth  of  taxable 
property  ? 

20.  A  man  having  $  973.30  wishes  to  exchange  it  for  English 
money.  At  $  4.8665  to  the  pound,  how  many  pounds  sterling 
would  he  receive  in  exchange  ? 

21.  What  is  the  diameter  of  a  circle  whose  circumference  is 
35  feet,  the  circumference  of  a  circle  being  3.1416  times  its 
diameter  ? 

22.  The  product  of  four  numbers  is  932.25;  three  of  them 
are  56.5,  1.1,  and  .03.    What  is  the  fourth  ? 
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291.  In  division  of  decimals,  the  products  of  the  divisor  by 
the  several  quotient  terms  may  be  contracted,  as  in  multiplica- 
tion, by  rejecting  at  each  step  the  unnecessary  figures  of  the 
divisor  (§  287). 

Szamplas. 

292.  To  obtain  a  given  nnmber  of  decimal  places  in  the  qno- 
tient. 

1.  Divide  790.755197  by  32.4687,  extending  the  quotient  to 
2  decimal  places. 


FIRST  CONTRACTED  MKTHOD. 


COMMON   METHOD. 


32.4687  )  790.755197  (24.35 


649  4 

1413 
129  9 

114 

97 

17 
16 

1 


Ana. 


32.4687)790.7 
649  3 


1413 
129  8 


115 
97 

17 
16 

1 


55198(24.36 
74  Afis. 

811 
748 


0639 
4061 


65787 
23435 

42352 


SECOND  CONTRACTED   METHOD. 

32.4687)790.755197 

63.42       141 3 

114 

17 

1 


Solution.  —  In  the  first  method  of 
contraction,  we  first  compare  the  3  tens 
of  the  divisor  with  the  70  tens  of  the 
dividend,  and  ascertain  that  there  will 
be  2  integral  places  in  the  quotient; 
and  as  2  decimal  places  are  required,  the 
quotient  must  contain  4  places  in  all. 
Then  assuming  the  four  left-hand  terms 
of  the  diyisor,  we  say  3246  is  contained  in  7907,  2  times ;  multiplying  the 
assumed  part  of  the  divisor  by  2,  and  carrying  2  units  from  the  rejected 
part,  as  in  Contracted  Multiplication  of  Decimals,  we  have  6494  for  the 
product,  which,  subtracted  from  the  dividend,  leaves  1413  for  a  new  divi- 
dend. Now,  since  the  next  quotient  term  will  be  of  an  order  next  below 
the  former,  we  reject  one  more  place  in  the  divisor,  and  divide  by  324, 
obtaining  4  for  a  quotient,  1299  for  a  product,  and  114  for  a  new  dividend. 
Continuing  this  process  till  all  the  terms  of  the  divisor  are  rejected,  we 
have,  after  pointing  off  2  decimals  as  required,  24.35  for  a  quotient.    Com- 
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paring  the  contracted  method  with  the  common  method,  we  see  the  extent 
of  the  abbreviation,  and  the  agreement  of  the  corresponding  intermediate 
results. 

In  the  second  method  of  contraction,  the  quotient  is  written  with  its 
first  term  under  the  lowest  order  of  the  assumed  divisor,  and  the  other 
terms  at  the  left  in  the  reverse  oi-der.  By  this  arrangement,  the  several 
products  are  conveniently  formed,  by  multiplying  each  quotient  term  by 
the  terms  above  and  to  the  left  of  it  in  the  divisor,  by  the  rule  for  con- 
tracted multiplication  (§  288),  and  the  remainders  only  are  written  as  in 
§  173. 

KuLE.  —  I.  Compare  the  highest  or  left-hand  term  of  tlie 
divisor  with  the  units  of  like  order  in  the  dividend,  and  deter- 
mine how  many  terms  iciU  be  required  in  the  quotient. 

II.  For  the  first  contracted  divisor  take  cw  many  significant 
terms  from  the  left  of  tJie  given  divisor  as  there  are  places  re- 
quired in  the  quotient  ;  and  aJt  ea,ch  subsequent  division  reject  one 
place  from  the  right  of  tlie  last  i^receding  divisor. 

III.  In  multiplying  by  the  several  quotient  terms  carry  from 
the  rejected  terms  of  the  divisor  as  in  contracted  multiplication. 

Nom.  —1.  Supply  ciphers,  at  tho  right  of  either  divisor  or  dlrideiid,  when  neoesuiy, 
before  oommendng  the  work. 

2.  If  the  first  term  obtained  In  the  qnotient  Is  written  under  the  lowest  assained  term 
of  the  divisor,  and  the  others  at  the  left  in  the  Inverted  order,  the  several  products  win  be 
fbrmod  with  the  greatest  convenience,  by  simply  multiplying  each  quotient  term  by  the 
term  above  and  to  tho  left  of  It  in  tho  divisor. 

2.  Divide  27.3782  by  4.3267,  extending  the  quotient  to  3 
decimal  places. 

3.  Divide  487.24  by  1.003675,  extending  the  quotient  to  2 
decimal  places. 

4.  Divide  8.47326  by  75.43,  extending  the  quotient  to  5  deci- 
mal places. 

6.  Divide  .8487564  by  .075637,  extending  the  quotient  to  3 
decimal  places. 

6.  Divide  478.325  by  1.43f ,  extending  the  quotient  to  3  deci- 
mal places. 

7.  Divide  8972.436  by  756.3452,  extending  the  quotient  to 
4  decimal  places. 

8.  Divide  1  by  1.007633,  extending  the  quotient  to  6  deci- 
mal places. 


CIRCULATING  DECIMALS. 


293.  Common  fractions  cannot  always  be  exactly  expressed 
in  the  decimal  form ;  for  in  some  instances  the  division  will 
not  be  exact  if  continued  indefinitely. 

294.  A  Finite  Decimal  is  a  decimal  which  terminates  at  a 
certain  decimal  place ;  as  .5,  .75,  .375. 

295.  An  InjSnite  or  CircQlatiag  Decimal  is  one  which  never 
terminates,  but  has  one  or  more  figures  constantly  repeated ; 
as  .333-f,  .437437+. 

Circulating  Decimals  are  also  called  Circulates  or  Circulators. 

296.  A  Repetend  or  a  recurring  period  is  the  figure  or  set  of 
figures  continually  repeated.  When  a  repetend  consists  of  a 
single  figure,  it  is  indicated  by  a  point  placed  over  it ;  when  it 
consists  of  more  than  one  figure,  a  point  is  placed  over  the 
first,  and  one  over  the  last  figure.  Thus,  the  circulating  deci- 
mals .55555+  and  .324324324+,  are  written,  .5  and  .324. 

297.  A  repetend  is  said  to  be  expanded  when  its  figures  are 
continued  in  their  proper  order  any  number  of  places  toward 
the  right;  thus,  .24,  expanded,  is  .2424+,  or  .242424242+. 

298.  Repetends  which  begin  at  the  same  place  are  Co- 
originoQs ;  those  which  end  at  the  same  place  are  Conterminous, 
and  those  which  begin  and  end  at  the  place  are  Similar. 

Thus,  .24  and  ..375  are  cooriginous,  .75  and  1.53  are  conterminous ; 
.427  and  .536  are  similar. 

IfoTB. — Some  aatiioiitles  nae  the  word  ttmiiar  to  designate  repetende  which  begin  at 
the  aeme  phice,  and  lik^  to  designate  those  whieh  beffin  and  end  at  the  same  place ;  bat 
the  dassiflcatlon  into  eoorlglnons,  conterminons,  and  similar,  as  defined  above,  is  more 
logkaL 
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299.  A  Pare  Circulating  Dednul  is  one  wliich  cont^ns  no 
figures  but  the  repetend;  as  .7,  or  .704. 

300.  A  Mixed  Circulating  Decimal  is  one  which  contains  other 
figures,  called  ^finite  places,  before  the  repetend;  as  .64,  or 
.013245,  in  wliiuh  .5  and  .01  are  the  finie  places. 

PROPBBTIES  OP  PtniTB  AHD  ClBCDLATmG  DBCUCALS. 

301.  The  operations  in  circulating  decimals  depend  upon 
the  following  priuciples: 

Mem.  —  Tb*  caimaou  traeUniii  nhmd  la  u*  undantaod  to  ba  pmpir  rtmeOom,  la 
thrlr  loKol  Itrmt. 

Pbtnciples.  —  I.  Every  fraction  t'n  its  lowest  terms  whose 
denominator  contains  tio  other  prime  factor  (Aaii  2  or  5  will  give 
rise  to  a  finite  decimal;  and  l/ie  number  of  ilecimal  pla,ces  wHl 
be  equal  to  the  greater  number  of  equal  factors,  2  or  5,  in  the 
denominator. 

For,  in  the  reduction,  every  cipher  atiuexeil  to  tiie  numerator  mnlti- 
pliea  it  by  Id,  or  inttoduces  the  tno  prime  factors,  2  and  6,  and  also  gives 
1  decimiii  place  in  the  result.  Hence  tlie  division  will  be  exact  when  the 
uumber  of  ciphers  annexed,  or  the  number  of  decimal  places  obtained, 
shall  be  equal  to  the  greatest  number  of  equal  factors,  2  or  6,  to  b^cau- 
celed  from  the  denominator. 

II.  Every  fraction  whose  denominator  contains  any  oilier  prime 
factor  Uicui  2  or  5,  will  give  rise  to  an  infinite  or  circulating 
deciTnal. 

For,  annexing  ciphers  to  the  numerator  introduces  no  other  prime 
factors  tlian  2  and  6 ;  hence  the  numeralor  will  never  contain  all  the 
prime  factors  of  the  denominator. 

III.  Tlie  number  of  plmxs  m  (/le  repetend  of  a  circulating 
decimai  must  be  leas  tliati  tite  number  of  units  in  the  denominator 
of  the  common  fraction. 

For,  in  every  division,  the  number  of  possible  remainders  is  limited  to 
tlie  number  of  units  in  tlie  dirisnr,  less  1  ;  thus,  In  dividing  by  7,  the  only 
possible  remainders  are  1,  2,  ■t,  4,  6,  and  0.  Ilencc,  in  the  r^uction  of  a 
common  fraction  to  a  decimiU,  some  of  ttie  remainders  must  repeat  before 
the  number  of  declm^  places  obtained  equals  the  number  of  nniie  in  the 
denominator;  and  this  will  cauM  the  InteniiediatA  quotient  figure*  to 
repeat 
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Kona. — 1.  It  wfn  be  Ibnnd  that  the  nnmlMr  of  plaoes  In  the  repetend  is  alwiys  equal 
to  the  denominetCNr  leee  1,  or  to  some  Ihctor  of  this  number.    Thus,  the  repetend  arising 

from  f  has  7—1 "  6  places ;  the  repetend  arising  from  |t  has  <-  5  places. 

o 

S.  A  ptr/eet  repttend  is  one  which  consists  of  as  many  places,  less  1,  as  there  are  units 
In  the  denominator  of  the  equivalent  fraction. 

8.  If  the  denominator  of  a  fraction  contains  neither  of  the  ikctors  2  and  5,  it  will  give 
rise  to  a  pore  repetend.  But  if  a  circulating  decimal  is  derived  from  a  fraction  whose 
denominator  contains  either  of  the  fiietors  2  or  6,  it  will  contain  as  many  finite  places  as  the 
greatest  number  of  equal  fhctors  8  or  5  in  the  denominator. 

lY.  If  to  any  number  we  annex  as  many  ciphers  cu  there  are 
places  in  tJie  number ^  or  more,  and  divide  the  result  by  a«  many 
9^s  as  the  number  of  ciphers  annexed,  both  the  quotient  and  re- 
mainder will  be  tJie  same  as  tlie  given  number. 

For,  if  we  take  any  number  of  two  places,  as  74,  and  annex  two 
ciphers,  the  result  divided  by  100  will  be  equal  to  74 ;  thus,  7400  -f-  ICK) 
=  74.  Now  subtracting  1  from  the  divisor,  100,  will  add  as  many  units 
to  the  quotient,  74,  as  the  new  divisor,  99,  is  contained  times  in  74  (§  167, 
II}  ;  thus,  7400  -r-  99  =  74  +  }J,  or  74  J}  ;  that  is,  if  two  ciphers  are  annexed 
to  74,  and  the  result  is  divided  by  09,  both  quotient  and  remainder  will 
be  74.  In  like  manner,  annexing  three  ciphers  to  74,  and  dividing  by 
999,  we  have  74000  -»-  999  =  74/^  ;  and  the  same  is  true  of  any  number 
whatever. 

y.  Every  pure  circulating  decimal  is  equal  to  a  common  frao- 
(joM  whose  numerator  is  the  repeating  figure  or  figures,  and  whose 
denominator  is  as  many  9'«  as  tJiere  are  places  in  the  re2)etend. 

For,  if  we  take  any  fraction  whose  denominator  is  expressed  by  some 
number  of  9*8,  as  ||(,  then  according  to  the  last  property,  annexing  two 
ciphers  to  the  numerator,  and  reducing  to  a  decimal,  we  have  {}  =  .24S|. 
In  like  manner,  carrying  the  decimal  two  places  farther,  .24^}  =  .2424 J}  ; 
hence,  H  =.24.  By  the  same  principle,  we  have  {  =  .2 ;  ^  =  .61 ; 
^  =  .02  ;  ^iy  =  .001 ;  |1||  =  .324 ;  and  so  on.  And  it  is  evident  that  all 
pasMle  repetends  can  thus  be  derived  from  fractions  whose  numerators 
are  the  repeatins:  fibres,  and  whose  denominators  are  as  many  9*s  as 
there  are  repeating  figures. 

Not*.  — It  follows  from  the  last  pmperty,  that  any  fraction  from  which  a  pure  repe- 
tend can  be  derived  is  redncfble  to  a  form  In  which  the  denominator  Is  some  number  of 
»*s;  thus  A^'lHifl;  A^"-iH-  This  1>  ^"^  of  every  fraction  whose  denominator  termi- 
nates with  1,  8,  7,  or  9. 

VI.  A  commjon  fraction  whose  denominator  contains  2*s  or  5's 
with  other  prime  fojctors  will  give  a  mixed  circulating  decimal  and 
the  number  of  places  in  the  non-repeating  or  finite  part  will  equal 
the  greatest  number  o/2'»  or  6'a  in  the  denominator. 
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For  dividing  first  by  the  2^8  and  5*s,  we  shall  have  a  decimal  numerator 
containing  as  many  places  as  the  greatest  number  of  2^s  or  6^8  (I). 
Dividing  by  any  other  factor  will  give  rise  to  the  repetend  (II).    Hence 

the  two  divisions  will  produce  a  mixed  circulating  decimal.    -—  = 


70     2x6x7 
Dividing  first  by  2  x  5,  or  10,  we  have  —•    Dividing  .1  by  7,  we  have  the 

mixed  circulate  .0142857,  which  contains  one  finite  place. 

VII.  77t€  number  of  repetend  places  will  not  exceed  tJie  number 
expi^eased  by  tlie  product  of  aU  the  prime  factors  of  the  denominaior 
other  than  2  or  5. 

For  the  factors  2  or  5  give  rise  to  the  finite  part  of  the  decimal  and  the 
other  factors  to  the  repetend. 

VIII.  Any  repetend  may  be  reduced  to  another  equivalent  repe- 
tend, by  expanding  it,  and  moving  either  the  second  point,  or  both 
points,  to  the  rigid;  provided  tJuU  in  the  result  they  are  so  placed 
as  to  include  the  same  number  of  places  oa  are  contained  in  the 
given  repetend,  or  some  multiple  of  this  number. 

For,  in  every  such  reduction,  the  new  repetend  and  the  given  repe- 
tend, when  expanded  indefinitely,  will  give  results  which  are  identical. 
Thus,  .690  =  .536536,  or  .636536536,  or  .5^,  or  .53663,  or  .6366366, 
or  .5365365365^ ;  because  each  of  these  new  repetends,  when  expanded, 
gives  .53053653653653653653  +. 

Note.  —  If  In  any  reduction,  the  new  repetend  shonld  not  contain  the  same  number  of 
places,  or  some  multiple  of  the  same  number,  as  the  i^ven  repetend,  we  shoold  not  have,  in 
the  expansions,  the  tamejlgure*  repeated  In  the  »am4  ordtr, 

RSDUCTION. 

Examples. 

302.   To  reduce  a  pore  circulating  decimal  to  a  common  fraction. 

1 .   Reduce  .675  to  a  common  fraction. 

SoLUTioy.  —  Since  the  repetend  has  3  places, 
OPERATION.  ^g  ^jj^g  l^y  ^jjg  denominator  of  the  required 

.675=444=14    Ans,     fraction  the  number  expressed  by  three  O^s 
"^     '^  (8301.  V). 

Rule.  —  Omit  the  points  and  the  decimal  sign,  and  write  tlie 
figures  of  the  repetend  for  the  numerator  of  a  common  f  ration, 
"'^'i  as  many  9*s  as  tJiere  are  places  in  tJie  repetend  for  the  de- 
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Reduce  to  common  fractions  or  mixed  numbers : 
«.   .45.        4.   .279.        6.   .923076.         8.   4.72.  10.   2.97. 

3.  .66.        6.   .423.        7.   .95121.  9.   2.297.        11.   15.6. 

KoR.  — AeoonUng  to  %  801,  Vin,  2.97  -8.978. 

303.   To  reduce  a  mixed  circulating  decimal  to  a  common  frac- 
tion. 

1.  Reduce  .0756  to  a  common  fraction. 

OPKSATIOK.  Solution.  —  Since  .766  is  equal  to  JiJ» 

.0756  =  V/A  =  AV  -4^«-     '^^^  '^^^  be  tV  of  Hi,  or  ,VA  =  i%- 

2.  Reduce  .647  to  a  common  fraction. 


OPERATION. 

640-64       7 
~      900      "^900 

640-64  +  7 
"         900 

647-64 
■"      900 
=  m  Alts. 

Or, 

.647  given  decimal. 
64  finite  figures. 
583;  ^  Am. 


Solution.  —  Reducing  the  finite  part  and 

the  repetend  separately  to  fractions,  w«  have 

i%V  +  vJb'     '^o  reduce  these  fractions  to  a 

common  denominator,  we  must  multiply  the 

terms  of  the  first  by  0 ;  but  the  numerator, 

64,  may  be  multiplied  by  C  by  annexing  1 

cipher  and  subtracting  64  from  the  result, 

640  —  64 
giving  — ^rr — ,  for  the  first  fraction  reduced. 

The  numerator  of  the  sum  of  the  two  frac- 
tions will  therefore  be  640  -  64  +  7  =  683, 
and  supplying  the  common  denominator,  we 
have  ^\,  In  the  second  operation,  the  in- 
termediate steps  are  omitted. 


Rule.  —  I.  From  the  given  circulating  decimal  subtract  the 
finite  part,  and  the  remainder  will  be  the  required  numerator, 

II.  Write  as  many  9*8  as  there  are  repetend  places,  with  as 
many  ciphers  annexed  as  tJiere  are  finite  places,  for  the  required 
denominator. 

Reduce  to  common  fractions : 

8.   .57.       5.   .6472.^    7.   .04648.     9.   .9285714.     11.   7.0126. 
4.  .048.     6.   .6590.     8.   .1004.     10.   5.27.  12.   2.029268. 
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304.  To  make  two  or  moire  repetends  oimikr. 
1.   Make  .47,  .53675,  and  .37234  similar. 


OPBBATION. 

.47  =  .47474747474747 
.53675  =  .53675675675675 
.37234  =  .37234723472347 


Solution.  —  The  first  of  the 
given  repetends  begins   at   the 
place  of  tenths,  the  second  at 
Ans,    the  place  of   thousandths,  and 
the  third  at  the  place  of  hun- 
dredths;  and  as  the  ix>ints  in 
any  repetend  cannot  be  mored 
to  the  left  over  the  finite  places,  we  can  make  the  given  repetends  similar, 
only  by  moving  the  points  of  at  least  two  of  them  to  the  right. 

Again,  the  first  repetend  has  2  places,  the  second  3  places,  and  the 
third  4  places  ;  and  the  number  of  places  in  the  new  repetends  must  be 
at  least  12,  which  is  the  least  common  multiple  of  2,  3,  and  4.  We  there- 
fore expand  the  given  repetends,  and  place  the  first  point  in  each  new 
repetend  over  the  third  place  in  the  decimal,  and  the  second  point  over 
the  fourteenth,  and  thus  render  them  similar. 

Rule.  —  I.  Expand  the  repetends,  and  place  the  first  point  in 
each  over  tlie  same  order  in  tJie  decimal. 

m 

II.  Place  tlie  second  point  so  that  each  new  repetend  shaU  con- 
tain  as  many  places  as  there  are  units  in  tJie  leaat  comm/m  mul- 
tiple of  tlie  number  of  places  in  the  severed  given  repetends. 

NoTss.  —  1.  since  none  of  the  points  ean  be  carried  to  the  left,  some  of  them  mast  be 
earrfed  to  the  right,  so  that  each  rejietend  shall  have  at  least  as  many  finite  places  as  the 
greatest  number  in  any  of  the  given  reiietends. 

2.  Any  finite  decimal  may  be  considered  as  a  clrenlating  decimal  whose  repetend  is  0, 
and  can  be  made  similar  to  a  circulating  decimal  by  S  9^- 

2.  Make  .43,  .57,  .4567,  and  .5037  similar. 

3.  Make  .578,  .37,  .2485,  and  .04  similar. 

4.  Make  1.34,  4.56,  and  .341  similar. 

6.  Make  .5674,  .34,  .247,  and  .67  similar. 

6.  Make  1.24,  .0578,  .4,  and  .4732147  similar. 

7.  Make  .7,  .4567,  .24,  and  .346789  similar. 

8.  Make  .8,  .36,  .4857,  .34567,  and  .2784678943  similar. 

9.  Make  .578,  .341,  .4857,  .4567,  and  .4732147  simUar. 

•         •    «  •  •         • 

10.   Make  .2485,  .45,  .341,  and  1.34  similar. 
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ADDITION  AlTD  SUBTRACTION. 

305.  The  processes  of  adding  and  subtracting  circulating 
decimals  depend  upon  the  following  properties  of  repetends : 

pRiNcrpLEs.  —  ^'  If  tjjco  or  more  repetends  are  similar,  their 
denominaiors  wiU  consist  of  the  same  number  of  9'«,  with  the 
same  number  of  cipJiers  annexed. 

II.  Similar  repetends  have  the  same  denominators  and  conse- 
quently the  same  fractional  unit. 

Xxaatples. 

306.  To  add  and  aabtract  circulating  dedmala. 

1.  Add  .54,  .3.24,  and  2.785. 

OPERATION.  SoLDTioir.  —  Sfiice  fractions  can  be  added  only 

pi    KAAAA  '^^^^  ^^^y  ^ave  the  same  fractional  unit,  we  first 

'.  .  *    .  make  the  repetends  of  the  given  decimals  similar. 

3.24    =  3.24242  We  then  add  as  in  finite  decimals,  observing,  how- 

2.755  =  2  78527  ^^^^i  that  the  1  which  we  carry  from  the  left-hand 

-I—- column  of  the  repetends  must  also  be  added  to  the 

6.57214  right-hand  column ;  for  this  would  be  required  if  the 

Ans.  T^pctenda  were  further  expanded  before  adding. 

2.  From  7.4  take  2.7852. 

opBRATiox.       Solution.  — Since  one  fraction  can  be  subtracted  from 
7  4444  another  only  when  they  have  the  same  fractional  unit,  we 

0  7ftKO  ^^^  make  the  repetends  of  the  given  decimals  similar.    We 

^.785 J  ^i^g,^  subtract  as  in  finite  decimals  ;  observing  that  if  both 

4.658i  Ans.  repetends  were  expanded,  the  next  figure  in  the  subtrahend 
would  be  8,  and  the  next  in  the  minuend  4  ;  and  the  sub- 
traction in  this  form  would  require  1  to  be  carried  to  the  2,  giving  1  for 
the  right-hand  figure  in  the  remainder. 

Rule.  —  I.    Wh^en  necessary,  make  the  repetends  similar. 

II.  To  add. — Proceed  as  in  finite  decimals,  and  remember  to 
increase  the  sum  of  Hie  right-hand  column  by  as  many  units  as 
are  carried  from  the  left-fiand  column  of  tlie  repetends. 

III.  To  subtract. — Proceed  as  in  finite  decimals  and  diminish 
the  right-hand  figure  of  the  remainder  by  1,  when  the  repetend 
in  the  subtrahend  is  greater  than  the  repetend  in  the  minuend. 

IV.  PUice  the  points  in  the  result  directly  under  those  above. 
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mm  or  dtffsrFn«  it  inqulrM  In  Um  ftmi  at  •  eomiDaD  ftKlkm. 
irlUIig  to  UW  rula.  ud  nduca  the  naulL 

Add: 

5.  .6,  .32,  and  .it  7.   From  .432  take  .25. 

4.   .4387,  .863,  .2i  and  .3554.     8.   From  7.24674  take  2.634. 

6.  2.4,  .32,  .567,  and  7.056.       9.   From  .99  take  .433. 
6.   4.638,  8.318,  .016  and  .45.  10.   From  .4  take  .23. 


MnLTIPUCATIOH  AHD  DIVISIOH. 
Examplea. 
307.  To  mnltiply  and  divide  circulating  decimals. 
1.   Multiply  2.42857i  by  .063. 


2.428571  =  2f55Hi  =  2?  =  V 
.063       ==M  =  -dz 


SoLiTTioN.  —  We  first  reduce  the 
niukiplicaDd  and  muliiplier  to  Ukeir 

equtvalcDt  fractionii  and  obtain  y 


2.   Divide  .475  by  3750. 

Solution.  —  The  dividend  re- 
duced to  its  equivalent  common 
fraction  in  jjj,  and  the  diTlsor 
reduced  to  ila  equivalent  common 
traction  ia  )ji°;  and  lU  +  iJi! 
=  H  =  1-26. 

Rui-E.  — Reduce  the  given  numbers  to  common /ra<^iom ;  (Aeii 
multiply  or  divide,  and  reduce  the  resuU  to  a  decimal. 


■475    =m 
.3750  =  |JJ* 


3.  Multiply  3.4  by  .72. 

4.  Multiply  .0432  by  18. 
6.  Divide  .154  by  .2. 

6.  Divide  4.6724  by  .7. 

7.  Multiply  4,37  by  .27. 

8.  Divide  56.6  by  137. 


9.  Divide  .428571  by  .54. 

10.  Multiply  .714285  by  .27. 

11.  Multiply  3.456  by  .425. 

12.  Divide  9.i704S  by  3.36. 

13.  Multiply  .0578  by  .4. 

14.  Divide  .485i'  by  .37. 


MEASURES— METRIC  AND  COMMON. 


SOS.  Measure  is  that  by  wMch  extent^  dimension,  capacity, 
quantity  of  matter,  or  money  value  is  ascertained,  determined 
according  to  some  fixed  standard. 

9<nm.  — The  proeMS  bj  which  the  extent,  dfmenaloii,  eepedty,  etc:,  Is  Meertftlned,  to 

*  mem§ur(mg  ;  and  eoBsfsts  in  eomparlDg  the  thin^  to  he  meeeured  with  eoina  oanveii- 

staBderd  orflmft  <sf  1 


309.  Measures  are  of  seven  kinds : 

1.  Length.  5.  Tima 

2.  Surface  or  Area.  6.  Angles. 

3.  Volume  or  Capacity.  7.  Money  or  Yalua 

4.  Weight,  or  Force  of  Gravity. 

The  first  three  kinds  may  be  properly  divided  into  two  classes, 
— Measures  of  Extension,  and  Measures  of  Capacity. 

310.  A  Table  is  a  regular  arrangement  of  the  denominations 
used  to  express  any  measure,  stating  the  number  of  units  of 
each  denomination  equal  to  a  unit  of  the  next  higher  denomi- 
nation. 

govsshmbnt  stahdasds  of  hbasurss. 

311.  The  English,  American,  and  French  Governments,  in 
establishing  their  standards  of  measures  and  weights,  founded 
them  upon  unalterable  principles  or  laws  of  nature,  as  will  be 
seen  by  examining  the  several  standards. 

Kan. — In  eerij  times,  elmost  erery  prorlnce  end  chief  eity  had  its  own  mcMitres  end 
weights;  but  theM  were  neither  definite  nor  uniform.  This  variety  In  the  weights  and 
tneaaores  of  different  countries  has  always  proved  a  serious  embarrassment  to  commeree ; 
henee  the  many  attempts  that  have  been  made  In  modern  times  to  establish  unllbrmlty. 
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inniED  STATES  STAHDASDS. 

312.  In  the  year  1834  the  United  States  Government  adopted 
a  uniform  standard  of  weights  and  measures,  for  the  use  of  the 
customhouses  aud  the  other  branches  of  business  connected 
with  the  general  government.  Most  of  the  stat«s  which  have 
adopted  any  standards  have  taken  those  of  the  general  govern- 
ment. The  invariable  standard  uuit  from  which  all  other  stand- 
ard units  of  measure  are  derived  is  the  Day. 

Astronomers  bare  proved  tliot  the  diurnal  revolution  of  the  earth  U 
riitirelj/  uni/orm,  alwayn  pertormiiig  equal  parts  of  a  revolution  on  iu 
asja  iu  equal  periods  o[  duration. 

Having deciileil  upon  the  invariable  standard  unit,  a  mtaaure  of  ILis 
unit  was  sought  that  should  in  aotne  manner  be  connect^  with  eitensioa 
AS  well  as  with  this  unit.  A  clock  pendulum  whoae  rod  is  of  anj  given 
length,  in  found  always  to  vibrate  the  sume  number  of  times  in  the  same 
period  of  duration.  Ftom  the  day  and  the  pendulum,  the  different  ataud- 
ards  hereafter  given  were  detennbied  aud  adopted. 


United  States  Standabd  of  Extension. 

313.  The  United  S'a'.es  t^andard  vnil  ofmeagures  of  extension, 
whether  linear,  supei-tiuial,  or  solid,  is  the  yard  of  3  feet,  or .% 
inches,  and  is  the  same  as  the  Imperial  standard  yard  of  Great 
Britain. 

It  Is  determined  as  follows :  Tlie  rod  of  a  pendulum  vibrating  second!) 
of  mean  time,  In  the  latitnile  of  Tiondon,  In  a  vscauin,  at  the  level  of  the 
sea,  is  divided  into  39139-1  equal  parts,  and  300000  of  these  parts  Kn 
30  inches,  or  I  standard  yard.  Elence,  such  a  pendulum  rod  Is  30.1393 
Inches  long,  and  the  standard  yard  is  JSJJJI  of  the  lengtb  of  the  pendu- 
lum rod. 

tToTE.  — I.  It  ti  linpTKlkabla  tonpTndoce  Ihoyard  ftmn  tfaa  psndulnin.  ind  ttx  pnw- 
Ual  ilMHiinl  I)  B  in«t^  n-d  uI  Wuhlngtoii,  from  whtrh  diip1lat«>  ari  nirnlahsl. 

1.  Tbg  old  Biitlah  Blrd'a  etindani  juH  of  HMwiu  fbund  InulFqule,  iinil  ■  new  slind- 
■nl  wai  eonntniFlrd.   Thlswu  dc^Injed  bjtrr  In  the  burning  of  lbs  hmiHi  of  Pu-Uminaiit 

■tnuled  In  ISH.    Tlili  vu  Iedowd  u  ttie  BrlUih  Impariii]  yard. 

8.  The  BrfUib  Im|ierU]  jtri  bdellud  bjr  AetsT  Furlluient  u  the  dtttun  betweeo 
the  centvn  nftwD  rv1lndrl»l  holes  In  aaHUIn  bar  ortmnie  when  ttie  metal  haaa  teutim. 
loreofSfFiihreiihL-ll. 


UNITED  STATES   STANDARDS.  179 

UxiTED  States  Standards  of  Capacity. 

314.  The  United  States  standard  unit  of  liquid  measure  is  the 
old  English  wine  gallon,  of  231  cubic  inches,  which  is  equal  to 
8.33888  pounds  avoirdupois  of  distilled  water  at  its  maximum 
density ;  that  is,  at  the  temperature  of  39.83''  Fahrenheit,  the 
barometer  being  at  30  inches. 

815.  The  United  States  standard  unit  of  dry  measure  is  the 
British  Winchester  bushel,  which  is  18^  inches  in  diameter 
and  8  inches  deep,  and  contains  2150.42  cubic  inches,  equal  to 
77.6274  pounds  avoirdupois  of  distilled  water,  at  its  maximum 
density.     A  gallon,  dry  measure,  contains  268.8  cubic  inches. 

Unitkd  States  Standards  of  Weight. 

816.  It  has  been  found  that  a  given  volume  or  quantity  of 
distilled  rain  water  at  a  given  temperature  always  weighs  the 
same.  Hence,  a  cubic  inch  of  distilled  rain  water  has  been 
adopted  as  the  standard  of  weight. 

817.  The  United  States  standard  unit  of  weigJU  is  the  Troy 
pound  of  the  Mint,  which  is  the  same  as  the  Imperial  standard 
poiuid  of  Great  Britain,  and  is  determined  as  follows :  A  cubic 
inch  of  distilled  water  in  a  vacuum,  weighed  by  brass  weights, 
also  in  a  vacuum,  at  a  temperature  of  G2^  Falirenheit,  is  equal 
to  252.458  grains,  of  which  the  standard  Troy  pound  contains 
5760. 

318.  The  United  States  Avoirdupois  pound  is  determined 
from  the  standard  Troy  poimd,  and  contains  7000  Troy  grains. 
Hence,  the  Troy  pound  is  ^m  =  |4f  ^^  *^  avoirdupois  pound. 
But  the  Troy  ounce  contains  ^f^  =  480  grains,  and  the  avoir- 
dupois ounce  ^p  =  437.5  grains;  and  an  ounce  Troy  is* 
480  —  437.5  =  42.5  grains  greater  than  an  ounce  avoirdupois. 
The  pound,  ounce,  and  grain,  apothecaries'  weight,  are  the 
same  as  the  like  denominations  in  Troy  weight,  the  only  differ- 
ence in  the  two  tables  being  in  the  divisions  of  the  ounce. 
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KITED  States  Standard  Sets  of  Weights  and  Measures. 

819.  A  uniform  set  of  weights  and  measures  for  all  the 
states  was  approved  by  Congress,  June  14,  1836,  and  fur- 
aished  to  the  states  in  1842.    The  set  furnished  consisted  of: 

1.  A  yard.  4.   A  wine  gaUon  and  its  subdivisions. 

2.  A  set  of  Troy  weights.  6.   A  half  bosbel  and  its  subdivisions. 

3.  A  set  of  avoirdupois  weights. 

820.  Each  state  furnishes  standard  sets  of  weights  and 
measures  to  its  counties  and  towns.  A  County  Standard  may 
consist  of : 

1.  A  large  balance,  comprising  a  brass  beam  and  scale  dishes,  with 
stand  and  lever. 

2.  A  small  balance,  with  a  drawer  stand  for  small  weights. 

3.  A  set  of  large  brass  weights,  namely,  60,  26,  20,  10,  and  6  lb. 

4.  A  set  of  small  brass  weights,  avoirduiX)is,  namely,  4,  2,  and  1  lb., 
6,4,2,1,  i,  J,  1,  andi^ffoz. 

6.  A  brass  yard  measure,  graduated  to  feet  and  inches,  and  the  first 
foot  graduated  to  eighths  of  an  inch,  and  also  decimally ;  with  a  graduation 
to  cloth  measure  on  the  opposite  side ;  in  a  case. 

6.  A  set  of  liquid  measures,  made  of  copper,  namely,  1  gal.,  }  gal., 
1  qt,  1  pt.,  I  pt,  1  gi. ;  in  a  case. 

7.  A  set  of  dry  measures,  of  copper,  namely  \  bu.,  1  pk.,  ^  pk.  (or  1 
gal.),  2  qt.  (or  |  gal.),  1  qt. ;  in  a  case. 

SN6USH  STANDARDS. 

321.  The  English  act  establishing  standard  measures  and 
weights,  called  "  The  Act  of  Uniformity,"  took  effect  Jan.  1, 
1826,  and  the  standards  then  adopted  form  what  is  called  the 
Imperial  System. 

322.  The  invariable  standard  unit  of  this  system  is  the 
same  as  that  of  the  United  States,  and  is  described  in  the  Act 
of  Uniformity  as  follows :  "  Take  a  pendulum  which  will  vibrate 

'  seconds  in  London,  on  a  level  of  the  sea,  in  a  vacuum ;  divide 
all  that  part  thereof  which  lies  between  the  axis  of  suspension 
and  the  center  of  oscillation,  into  391393  equal  parts;  then 
will  10000  of  those  parts  be  an  imperial  inch,  12  whereof  make 
a  foot,  and  36  wI:b.:eof  make  a  yard." 
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English  Standard  of  Extension. 

323.  The  English  standard  unit  of  meas^ires  of  extension, 
whether  linear,  superficial,  or  solid,  is  identical  with  that  of 
the  United  States  (§  313). 

English  Standards  of  Capacity. 

334.  The  Imperial  standard  gallon  for  liquids  and  all  dry 
substances,  is  a  measure  that  will  contain  10  pounds  avoirdu- 
pois weight  of  distilled  water,  weighed  in  air,  at  62^  Fahren- 
heit, the  barometer  at  30  inches.  It  contains  277.274  cubic 
inches. 

325.  The  Imperial  standard  bushel  is  equal  to  8  gallons  or 
80  pounds  of  distilled  water,  weighed  in  the  manner  above 
described.    It  contains  2218.192  cubic  inches. 

English  Standards  of  Weight. 

826.  The  Imperial  standard  pound  is  the  pound  Troy,  which 
is  identical  with  that  of  the  United  States  Standard  Troy  pound 
of  the  mint  (§  317). 

327.  The  Imperial  avoirdupois  pound  contains  7000  Troy 
grains,  and  the  Troy  pound  5760  grains.  They  are  identical 
with  the  United  States  avoirdupois  and  Troy  pounds. 

ENGLISH  MSASUS£S. 

328.  The  denominations  in  the  standard  tables  of  measures 
of  extension,  capacity,  and  weights,  are  the  same  in  Great 
Britain  and  the  United  States.  But  some  denominations  in 
several  of  the  tables  are  in  use  in  various  parts  of  Great  Britain 
that  are  not  known  in  the  United  States. 

These  denominations  are  retained  in  use  by  common  consent, 
and  are  recognized  by  the  English  common  law.  They  are  as 
follows: 
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329. 

MEA8UEE8 

.    OF   EXTENSIO-N. 

18  inches 

=  1  cubit. 

it  inchcB  or 

_,    ^        . )  =  1  eU. 

5  quarUra  ol  the  Kn 

Hom- 

-Tb*  mWt  <ni  DrislDiUr  the  leoiRh  of  ■  mu'i  bronn  u 

HUM  from  lb«  dboo  to  the  end  or  the  ml 

ddl.  !!<«». 

330. 

Measures 

OF  Cafacity. 

LKJUIU 

UEASURE. 

9  old  ale  gaUomt 

=  1  firkin. 

4  flrkiiis 

=  1  barrel  of  beer. 

71  Imperial     ■• 

=  1  firkin. 

62i  Imperial  gallons  a 
63  wiue 

■^1  =1  hogshead. 

70  Imperial  gallons  o 

r  1   =  1  puncheon  or 

M  wine 

i  =  ^  of  a  tun. 

2  hogsheads,  that  is 

) 

106  Imperial  gallous  o 

t\=1  pipe. 

126  n 
2  pipes  =  I  tan. 

Pipes  of  wine  are  of  difFerent  capacities,  as  follows : 
110  wine  gallons  =  1  pipe  of  Madeira. 

( Barcelona, 
180    "         "      =  1    "      J  Vidonia,  or 

i  TeneiiSe. 
130    "         "      =  1    '■  Sherry. 

138    '•         "      irr  I    "         Port. 

140    "         "      =1    "      /Buc^"'^."^ 
l  Lisbon. 

331.  DRY   MEASURE. 

8  bushels  of  70  pounds  each  =  1  quarter  of  wheat, 
aa      "      heaped  measure,     =  I  chaldron  of  coal. 


8  pounds  of  butchers'  meat  : 
14      "        "   olher  commodities  = 

2  stone,  or  28  pounds  : 

TO  pounds  of  salt  : 


1  "  or  I  of  a 
1  todd  of  wool. 
1  bushel. 


•,  Um  hoDdndnlfht  li  111  ponndi.  ud  lb* 
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FSSNCH  MEASURES.  —  THE  METRIC  SYSTEM. 

333.  The  tables  of  standard  measures  and  weights  adopted 
by  the  French  Government  constitute  what  is  called  the 
French  Metric  System. 

NonL — The  Metric  Syttem  was  adopted  in  France  In  1795;  Its  ase  was  aathorlzed  In 
Great  Britain  in  1864;  and  in  18M,  €k>ngreea  authorized  it  to  be  ased  in  the  United  State*. 
It  Is  in  general  ase  by  sdentlfle  mon  throu^^hout  tho  wortd. 

334.  The  Metric  System  of  weights  and  measures  is  ba&ed 
upon  the  Decimal  Scale. 

The  Meter  is  the  base  of  the  system,  and  is  the  one  ten-millionth  part 
of  the  distance  on  the  earth's  surface  from  the  equator  to  either  pole,  or 
39.37079  inches.  From  the  meter  are  made  the  following  units:  land 
or  square  measure.  Are  and  Square  Meter ;  wood  or  cubic  measure,  Stere 
and  Cubic  Meter;  capacity.  Liter;  weight,  Gram.  These  constitute  the 
primary  units  of  the  system,  from  which  all  the  others  are  derived. 

The  Multiple  Units,  or  higher  denominations,  are  named  by  prefixing 
to  the  name  of  the  primary  units  the  Greek  numerals,  deca  (10),  hecto 
( 100),  kao  (1000),  and  myna  (10000).  The  Submultiple  Units,  or  lower 
denominations,  are  named  by  prefixing  the  Latin  numerals,  ded  (^), 
eenti  (rlv)*  ^^^^  Mnn)-  ^7  adding  these  prefixes  to  the  standard  units 
all  the  metrical  tables  are  formed. 

Hence,  it  is  apparent  from  the  name  of  a  unit  whether  it  is  greater  or 
lesM  than  the  standard  unit,  and  also  how  many  times, 

335.  The  following  comparison  of  our  ordinary  decimal  no- 
tation and  the  metric  notation  shows  them  to  be  the  same : 

NoTU.  —  1.  The  principal  point  of  superiority  of  the  metric 
^  tables  is  their  decimal  scale.    Bjr  means  of  the  decimal  point 

S   «;     .  •  f       scTeral  denominations  may  be  written  tofj^^ther  as  one  namber, 

o  1  '2  •         ^  ^      '^  ^'^  ordinary  notation,  and  a  change  to  higher  or  lower  denoml- 

K    f  -o     •  H     ^  •!    8       nations  is  effected  by  simply  moving  the  decimal  point  to  the 

gJgSfz     ^§1      left  or  right 

t-h-^i-^Sjc-^  8.  One  disadvantage  in  the  nse  of  the  metric  system  lies 

\  \  ^  ^  \  ^^  \  ^      In  the  Ihct  that  with  us  the  other  denominations  are  in  such 

^         m        tf%  common  use  that  it  would  require  a  careful  study  and  eompari- 

xo^3^     -5^^       Mn  of  the  two  systems,  on  Uie  part  of  the  people  at  hir|*e,  to 
^'^XfSs    -oSE      iiui^®  the  use  of  the  metric  system  practicable.    Again,  some  of 

the  units,  while  well  adapted  to  the  social  and  industrial  condi- 
tions of  France  and  other  European  countries,  would  not  be  convenient  for  xa^  hero.  For 
inatanee.  the  ore,  the  unit  of  land  measure,  la  ^  of  an  acre.  While  this  suits  the  peasant 
fluina  of  France  very  well,  it  would  be  absurdly  small  for  a  fhrm  in  the  United  States. 

8.  The  metric  system  is  now  used  in  France,  Netherlands,  Spain,  Italy,  Greece,  Austria, 
Germany,  Norway,  Sweden,  Switzerland,  Portugal,  Mexico,  Brazil,  Venezuela,  Argentine 
RepabUc,  Haiti,  and  other  states ;  and  to  some  extent  in  Great  Britain,  the  United  States, 
India,  Canada,  and  Chile. 
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mnXED  STATES  HBASOKSS. 
Measdkbs  or  Exteksion. 
33S.  Xztnuion  has  three  dimensions, — length,  breadth,  and 
thickness. 

A  Line  has  only  one  dimension,  —  Itngth. 

A  Surface  or  Aiea  has  two  (limenaious,  —  Utigth  and  breadih. 

A  Solid  or  Body  lias  three  dimensioDB,  —  ttnglh,  bttadth,  and  thietiuti. 

UJNS   MEASURE. 

337.  Long  Hensore,  or  linear  Meaanre,  ia  used  in  measuring 
lines  or  distances.  Tlie  unit  of  linear  measure  is  the  Yard, 
and  the  table  is  made  up  of  the  divisors  (feet  and  inches),  and 
the  multiples  (rods,  furlongs,  and  miles),  of  this  unit 

TABLE. 

12   inches  (in.)  =  1  foot  (ft.). 

3  feet  =  1  yard  (yd.). 

61  yarda,  or  laj  feet       =  1  rod  (rd.). 
40   rods  =  1  furlong  (fur.). 

8  furlongs,  or  320  rods  ^  1  statute  mile  (mL). 

DNIT    agUITikLBHTS. 

ft.  In. 

yd.  1      =  12 

ri.         1    =      3   =      as 

Air.  1   =         5;   =       10)  =       108 

loi.       1  =     40  =     220     =     eao     =     7020 

1   =  8  =  320  =  1760     =  6280     =  63360 

Saiu  — ascending,  12,  3,  6^,  40,  8  ;  descending,  8,  40,  6),  3,  13. 

The  following  denominations  are  also  in  use: 


8        barleycorns 
4        inches 

=  1  inch. 
=  1  hand. 

9           " 
21.888     " 
8        feet 

=  1  span. 

=  1  sacred  cubic. 

=  1  fathom. 

a 

6        pace* 

1.16|  statute       miles 

8        geogtnphio    •' 

60 

60.16    sUtute 
SOO        degrees 

=  1  pace. 

=  lrod. 

=  1  gec^raphic  mUe. 

=  1  league  =  3.468  statute  mtles. 
I     1  H»™.«  /  o'  latitude  on  a  meridian  or  of 
I  -     "^^^  I  longitude  on  the  equator. 

=  the  circumference  of  the  earth. 

MEASURES  OF  EXTENSION. 
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Ncma.  —  1.  For  the  parpoM  of  meanuing  doth  And  other  goods  sold  by  the  yard,  the 
yird  is  dlrided  Into  halTes,  fourths,  eighths,  snd  sixteenths.  The  old  table  of  doth  mefsure 
is  praetieany  obsolete. 

%.  The  inch  of  8  barleyooms  Is  used  by  shoemakers  In  measuring  the  length  of  the  foot. 

8.  The  hand  of  four  inches  Is  used  In  measuring  the  height  of  horses  direcUy  orer  the 
nve  IMC. 

4.  A  span  Is  the  distance  that  can  be  readied,  spanned,  or  measured  between  the  end  of 
the  middle  finger  and  the  end  of  the  thumb.    Among  sailors  8  spans  are  equal  to  1  ikthom. 

5l  The  geographic  mile  is  ^^  of  9)9.  or  yxlov  <>'  ^®  distance  round  the  center  of  the 
earth.    It  Is  a  small  fraction  more  than  1.15  statute  miles.    It  Is  also  called  a  nautlcd  mile. 

6l  The  length  of  a  degree  of  latitude  Taries,  being  6S.72  miles  at  the  equator,  68.9  to 
68.06  mOea  In  the  middle  bttltudes,  and  68.80  to  69.84  miles  in  the  polar  r^ons.  The  mean 
or  a^ersge  length,  as  stated  in  the  table,  Is  the  standard  recently  adopted  by  the  U.  8.  Coast 
Surrey.  A  degree  of  longitude  la  greatest  at  the  equator,  where  It  Is  68.18  miles,  and  it 
gradoally  deereasea  toward  the  polea,  whore  It  is  0. 

METRIC  LONG   MEASUBE. 

338.  The  Meter  is  the  metric  unit  of  Length.  It  was  intended 
to  be  1000*0080  P^^  ^^  *^®  distance  from  the  equator  to  either 
pole,  bat  it  does  not  exactly  correspond  with  that  length. 

Nora.  —  In  this  and  the  following  tables  of  the  metric  system  the  prlndpal  units  are  In 
^pi»>i»  while  others  In  eonunon  use  are  in  black  type. 


it 


it 


4t 


TABLE. 

1  millimeter   =     .amS7079in. 
10  millimeters  ("")  =  1  centimeter  =     .3937079 
10  centimeters  («»)  =  1  decimeter     =   3.937079 

10  decimeters  (*»)    =  1  METER    /  "^  ^^^  ^l^ 

10  meters  (»)  =  1  decameter    =  32.808992 

10  decameters  (»«")  =  1  hectometer  =  19.927817 
10  hectometers  (H"')  =  1  kilometer     =     .0213824 
10  kilometers  (*"»)   =  1  myriametcr  =   6.2i;i824 


yd. 

ft 
rd. 
mi. 


Novs. — The  measures  chiefly  used  are  the  meter  and  kilometer.  The  meter,  like  the 
yard,  is  used  In  measurli^  doth  and  short  distances ;  the  kilometer  is  used  In  measuring 
long  dislaoeea. 

CHIT  BQUITA LENTS. 


Mm. 


cm. 

mm. 

dm. 

1  = 

10 

m. 

1  = 

10  = 

100 

Dm. 

1  = 

10  = 

100  = 

1000 

Hm. 

1  = 

10  = 

100  = 

1000  = 

10000 

Km.    1  = 

10  = 

100  = 

1000  = 

10000  = 

100000 

1=  10  = 

100  = 

1000  = 

10000  = 

100000  = 

1000000 

10  =  100  = 

1000  = : 

10000  = 

100000  = 

1000000  = 

10000000 

SoALB — uniformly  10. 
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surveyors'  long  measure. 

» 

339.  The  unit  in  Land  Surveying  is  the  Gonter's  Chain,  4  rods 
or  66  feet  long,  consisting  of  100  links,  and  the  table  is  made 
up  of  divisors  and  multiples  of  this  unit. 


TABLE. 


7.92  inches  (in.)       =  1  Unit  (1.). 
25      links  =  1  rod  (rd.). 

4      rods,  or  66  feet  =  1  chain  (ch.). 
80      chains  =  1  mile  (mi.). 


UNIT  EQUIVALEKT8. 


1. 

in. 

rd. 

1  = 

7.02 

eb. 

1  = 

26  = 

108 

ml. 

1  = 

4  = 

100  = 

792 

1  = 

80  = 

320  = 

80J0  = 

6Sa60 

ScALB  -  aacending,  7.02,  26,  4,  80 ;  descending,  80,  4,  26,  7.02. 

KoTK.  —  DLBtances  ve  u8iuiUy  taken  in  chains  and  links.  In  measuring  dty  Iota  a  steel 
tape  50  ft.  long  is  generally  used,  and  the  measure  is  expressed  in  feet  and  in  tenths  of  a 
foot.    An  engineer's  chain  used  by  civil  engineers  is  100  ft  long  and  consists  of  100  links. 


SQUARE   MEASURE. 

340.  A  Square  is  a  figure  having  four  equal  sides  and  four 
equal  comers  or  right  angles. 

341.  Area  or  Superficies  is  the  space  or  surface  included 
within  any  given  lines ;  as,  the  area  of  a  square,  of  a  board,  etc. 

1  square  yard  is  a  figure  having  four  sides  of  1 
p  yard  or  3  feet  each,  as  shown  in  the  diagram.  Its 
i  contents  are  3x3  =  9  square  feet.    Hence, 

The  contents  or  area  of.  a  square,  or  of  any  other 


8  ft. -I  yd.       figure  having  a  uniform    length    and   a  uniform 
breadth,  is  found  by  multiplying  tJie  length  by  tJie  breadth. 

Thus,  a  square  foot  is  12  in.  long  and  12  in.  wide,  and  the 
contents  is  12  x  12  =  144  sq.  in.  A  floor  20  ft.  long  and 
10  ft.  wide  is  a  rectangle  containing  20  x  10  =  200  sq.  ft. 

Kon.  — The  measurements  for  computing  area  or  surlkoe  are  always  takan  in  tba 
denominationi  of  linear  meatara. 
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342.  Square  M easore  is  used  in  computing  areas  or  surfaces ; 
as  of  land,  boards,  painting,  etc.  The  unit  is  the  area  of  a 
square  whose  side  is  the  unit  of  length.  Thus,  the  unit  of 
square  feet  is  1  foot  square ;  of  square  yards,  1  yard  square,  etc. 

TABLE. 

144    square  inches  (sq.  in.)  =  1  square  foot  (sq.  ft). 
9        "      feet  =1      "      yard  (sq.  yd.). 

30i      "      yards  =1      "      rod  (sq.  rd.). 

1«0        *'      rods  =1  acre  (A.). 

640    acres  =  1  square  mile  (sq.  mi.). 


UI9IT  EQUIVALENTS. 

sq.ft. 

■q.  in. 

sq.  vd.         1  = 

144 

sq.rd.        1  =        9  = 

1296 

A. 

1  =     30;  =     272J  = 

39204 

1  = 

160=   4840  =   43560  = 

6272640 

aq.  mL 

1  =  640  =  lOilOO  =  3097600  =  27878400  =  4014489600 

Scale  —  ascending,  144,  9,  30|,  160,  640;  descending,  640,  160,  30}, 
9,  144. 

Artificers  estimate  tlieir  work  as  follows :  By  the  square  foot  —  glazing 
and  stonecutting.  By  the  square  yard  —  painting,  plastering,  paving, 
ceiling,  and  paper  banging.  By  the  square  of  100  square  feet — flooring, 
partitioning,  roofing,  slating,  and  tiling.  Bricklaying  is  estimated  by  the 
thousand  bricks,  by  the  square  yard,  and  by  the  square  of  100  square 
feet ;  also  sometimes  in  cubic  feet. 

NoTBA.  —  1.  In  esttmatinff  the  painting  of  moldings,  cornices,  etc.,  the  measuring  line 
is  earriad  Into  all  the  moldings  and  cornices. 

S.  In  estimating  bricklajrlng  by  either  the  square  yard  or  the  square  of  100  square  feet, 
the  worlc  is  under8t«x>d  to  b«  12  inches  or  1|  bricks  thick. 

8.  A  tbousaDd  shinglea  are  estimated  to  cover  1  square,  being  laid  5  inches  to  the 
weather. 

4.  The  tamis  ptreh  or  pole  are  sometimes  used  for  square  rod. 

METRIC   SQUARE   MEASURE. 

343.  The  Square  Meter  is  the  metric  unit  for  measuring 
ordinary  Surfaces;  as  floorings,  ceilings,  etc. 

TABLE. 

100  sq.  millimeters  («imm^  .  i  gq,  centimeter         =     .166  +  sq.  in. 
100  sq.  centimeters  ("lem^  =  1  sq.  decimeter  =  16.6  +  sq.  in. 

100  sq.  decimeters   (•«*«")  =  1  SQ.  METER  («» '")  =    1.196  +  sq.  yd. 
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METRIC   LAND   MEASURE. 

344.  The  Are  is  the  metric  unit  of  Land  M ettsure,  and  is  a 
square  whose  side  is  10  meters,  equal  to  a  square  decameter,  or 
119.6  square  yards. 

TABLE. 

1  oentare  (»)  =  1  sq.  meter        =     1.196034  sq.  yd. 
100  centares         =  1  ARE  =  119.6034  sq.  yd. 

100  ares  (•)  =  1  hectare  =     2.47114  acres. 

100  hectares  (^)  =  1  sq.  kilometer  =       .3861  sq.  mi. 

Non.  —  The  square  kilometer  is  used  in  measailng  the  areu  of  eoantries,  seu,  ete. 

UNIT  EQUIVALENTS. 


a. 

sq.  dm. 
sq.  m.  or  ca.      1  = 
1=      100= 

sq.  om. 

1  = 

100= 

10000= 

sq.mm. 

100 

10000 

1000000 

Ha. 
sq.  Km.  1  = 

1  = 
100= 

100=    10000= 
10000=  1000000= 

1000000= 
100000000= 

100000000 
10000000000 

1  =  100 = 10000 = 1000000  =  100000000  =  lOOOOCKXKKX) = 1 000000000000 
Scale  —  uniformly  100. 


surveyors'   square    MEASURE. 

345.   Surreyors'  Square  Measure  is  used  by  surveyors  in  com- 
puting the  area  or  contents  of  land. 

TABLE. 

626  square  links  (sq.  I.)  =1  pole  (P.). 

16  poles  =  1  square  chain  (sq.  ch.). 

10  square  chains  =  1  acre  (A.). 

640  acres  =  1  square  mile  (sq.  mi.). 

SQ  square  mUes  (6  miles  square)  =  1  township  (Tp.). 

UNIT  equivalents. 


P. 

•q.  I. 

sq.  ch. 

1 

z^ 

625 

A.          1   = 

16 

= 

10000 

sq.  ml. 

1   =      10   = 

160 

= 

100000 

Tp. 

1   = 

640  =    6400  = 

102400 

— 

64000000 

1 

=  36  = 

23040  =  230400  = 

3686400 

= 

2304000000 

Scale  —  ascending,  625, 16, 10, 640, 36  ;  descending,  36, 640, 10, 16, 625. 

NoTB.  — Canal  and  railroad  engineers  commonly  use  an  engineers*  chain,  which  consists 
of  100  links,  each  1  foot  long. 
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unrntD  BTATEa  land  measure. 
346.  The  un^  of  Land  HeMtire  in  the  United  Sta,tea  is  the 
Acre.     Measurements  of  land  are  commonly  recorded  in  square 
miles,  acres,  and  hundredths  of  an  acre. 


nda  are  usuallj  sorTeyed  into  rectangular  tracts, 
bounded  ^>J  lines  conforming  to  the  cardinal  points  of  the  compass. 

A  Base  Line  on  a  parallel  ot  latitude,  and  a  Principal  Meridian  inter- 
secting it,  are  first  estsblished.  Other  lines  are  then  run  tix  mila  apart, 
each  way,  as  nearly  as  possible.  The  tracU  thus  formed  are  called 
Tovnaliipa,  and  conUin  nearly  23040  acres.  A  Ime  of  towniibips  extend- 
ing north  ajid  south  is  called  a  San|;e.  The  ranges  are  designated  by 
Ultir  number  east  or  west  of  the  principal  meridian.  The  (ownsbips  in 
Mch  range  are  designated  by  their  numbtr  north  or  south  of  the  base  line. 

Since  the  earth's  surface  is  couvei,  the  principal  meridians  coii?erge 
M  they  proceed  northward.  This  tends  to  throw  the  townsbipe  and 
■actions  out  of  square,  and  necessitates  occasional  lines  of  offset,  called 
"  correelion  lines," 

Townships  are  snlidlTided  Into  Sections  and  sections  into  Half-Sec- 
tkmi,  Qutfter-Scctions,  Half-Qturter-Sections,  Quarter-Qnuter-Sections, 


DiAUBAH  No.  1. 


DtAOKiii  No.  2. 


s 

B 

4. 

a 

fl 

1 

7 

8 

a 

10 

11 

19 

la 

IT 

IS 

le 

14 

13 

IS 

M 

ai 

89 

98 

a* 

ao 

S8 

as 

97 

ae 

BB 

»j» 

sa 

3*    80 

m| 

H.W.K 

N.E.W 
ICOAcru 

90  «. 

S.KSaction 

aSOAcrat 

DIagnm  Tto.  1  ibowi  the  inbdlfliians  ot  ■  TinmitUp  Into  S*eUai»,  ud  lunr  tbej  ■» 
mvmttrtd,  oomniaiMlng  at  tb<  N.E.  eonur. 

IMagnra  No.  1  ihowi  the  IDbdlililciDI  «t  ■  Stetion,  on  in  aiiUr(td  aale,  ud  ho*  th*r 

TABLE. 

«  mi.  X  a  mi.  =  86  sq.  ml.  =  23040 


1  • 


xl    ' 


i  ■'  xj  "  =  i 

1   "   xl  "   =  i 
J   "    xj   "    =^ 


=  1  Township. 

=  1  Section. 

=  1  Half-Section. 

=  1  Quarter-Section. 

=  1  Hal[-Quarter.$ection. 

=  I  Quarter-Quarter-Sectlor 
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Kan.  — A  Lot  ii  t 


aiiullr  iDbdlvldad  In 


FREXCU    LAND    UEASURB. 

317.   The  old  French  Linecr,  or  Land  Heunra,  is  still  used 
to  some  extent  in  Louisiana,  and  in  other  French  settlements 

in  the  United  States. 

TABLE. 

12  lines    =  1  inch.  6  teet    =  1  tolse. 

12  inches  =  1  foot.  33  toisea  =  I  arpeut, 

SOO  square  toises  =  1  square  arpent. 
Notes.  —  1.  Th«  /WnrA  /oot  eqniUi  ntui;  It.S  Amerlcui  Inches, 
a,  Thtarprnt.  the  old  Fnoch  nune  (Umert,  codUIdi  dcwIj'  lefanrMn. 

SPANISH    LAND    UEASURE. 

348.   Spanish  Land  Heasnres  are  still  used  in  Texas,  Xew 
Mexico,  and  other  Spanish  settlements  of  the  U.  S. 

The  unit  ot  length  is  the  Vara,  equal  in  Texas  to  33}  inches,  in  Cali- 

fornlLi  to  33  inches,  and  in  Mexico  to  32.9927  inches. 

Land  is  measured  in  square  vnras,  labors,  and  squu^  leagues. 

TABLE. 

1000000  square  vsnu  =  1  labor  =   177.136  acres  (American). 
£.376  e 

—  Th.  .IpnBlth  fool -11. \l  + 


CUBIC   MEASURE. 

349.   A  Cube  is  a  solid,  or  body,  having  six  equal  square 
sides  or  faces. 


S50.  Solidity  is  the  matter  or  space 
contained  withiu  the  bounding  sur- 
faces of  a  solid. 

Tlie  measurements  for  solidity  are  always 
taken  in  the  denominations  of  linear  meas- 
ure. If  each  side  of  a  cube  is  1  yard,  or  3 
feet,  1  foot  in  thickness  of  this  cube  will 
contain  3  x  3  x  1  =  9  cubic  feet ;  and  the 
3  X  3  =  27  cubic  feel. 


— 

e^ 

Ol^ 

^l_i 

__ 

nhole  cube  trill  o 
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A  solid,  or  body,  may  have  the  three  dimensions  all  alike  or  all  differ- 
ent. A  body  4  feet  long,  3  feet  wide,  and  2  feet  thick  contains  4x3x2 
■=r  24  cabic  or  solid  feet. 

The  cubic  or  solid  contents  of  a  body  is  the  product  of  the 
length,  breadiJi,  and  thickness, 

351.  Cubic  Measure,  or  Solid  Measure,  is  used  iu  computing 
the  contents  of  solids,  or  bodies;  as  wood,  stone,  etc.  The 
vnit  is  the  solidity  of  a  cube  whose  side  is  the  unit  of  length. 
Thus,  the  unit  of  cubic  feet  is  a  cube  which  measures  1  foot 
on  each  side ;  the  unit  of  cubic  yards  is  1  cubic  yard. 

TABLE. 

1728  cubic  inches  (cu.  in.)  =1  cubic  foot  (cu.  ft.). 

27  cubic  feet  =  1  cubic  yard  (cu.  yd.). 

40  cubic  feet  of  round  timber,  or )       ,  ^  i     j  ^rw,  x 

60     "  "     hewn       "  }  =  1  ton  or  load  (T.). 

16   cubic  feet  =  1  cord  foot  (cd.  ft.). 

8   cord  feet,  or  1  i      ^    *        j  /i-i j  x 

128   cubic  feet     )  =  1  cord  of  wood  (Cd.). 

24J  cnbic  feet  =  ,  |  Perch  of  stone  i 

*  I  or  masoni7      /  ^        ^ 

Scale — ascending,  1728,  27.  The  other  numbers  are  not  in  a  regular 
scale,  but  are  merely  so  many  times  1  foot  llie  unit  equivalents,  being 
fractional,  are  omitted. 

NoTBB.  ^1.  A  euble  yard  of  nrUi  is  called  a  load. 

S.  Ballroad  and  transportation  companies  estimate  %Iit  freight  by  the  space  it  oecapiea 
ia  cable  feet,  and  heavy  freight  by  weight. 

8.  A  pile  of  wood  8  feet  long,  4  feet  wide,  and  4  feet  high,  contains  1  cord  ;  and  a  cord 
foot  la  1  foot  in  length  of  sacb  a  pile. 

4.  A  perch  of  stone  or  of  masonry  is  16|  feet  long,  1|  ffet  wide,  and  1  foot  high. 

5.  Joiners,  bricklayera,  and  masons  malie  an  allowance  for  windows,  doors,  etc.,  of  one 
hidf  the  openings  or  vacant  sftaces.  Brickhtyers  and  masons,  in  estimating  their  work  by 
cnbic  measure,  make  no  allowance  for  the  corners  of  the  walls  of  houses,  cellars,  etc.,  but 
estimate  their  work  by  the  girt,  that  is,  the  entire  length  of  the  wall  on  the  onthide. 

6.  Engineers,  In  making  estimates  for  excavations  and  embankments,  take  the  dimen- 
sions with  a  line  or  measure  divided  into  feet  and  decimals  of  a  fmit.  The  computations  are 
made  in  feet  and  decimals,  and  the  results  are  reduced  to  cubic  yards.  In  civil  engineering, 
Uie  cubic  yard  Is  the  unit  to  which  estimates  for  excavations  and  embankments  are  finally 
reduced. 

1.  In  sealing  or  measuring  timber  for  shipping  or  fl-eighting,  )  of  the  solid  contents  of 
round  timber  is  deducted  for  waste  in  hawing  or  sawing.  Thus,  a  log  that  will  make  40  fret 
of  beWD  or  aawed  timber,  actually  contains  00  cubic  feet  by  measurement ;  but  Its  market 
ralne  ia  only  equal  to  40  cubic  feet  of  hewn  or  sawed  timber.  Hence,  the  cubic  contents  of 
40  fiset  of  round  and  SO  feet  of  hewn  timber,  as  estimated  for  market,  are  Identical. 
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METRIC   CUBIC   MEASURE. 

52.  The  Cubic  Meter  is  the  metric  unit  for  measuring  ordi- 
y  Solids ;  as  excavations,  embankments,  etc. 

TABLE. 

1000  cu.  millimeters  (<»  ■»«)  =  1  ca.  centimeter  =     .061  +  cu.  In. 
1000  cu.  centimeters  (e»«a)  =  1  ecu  decimeter    =61.028+  "    »• 
1000  cu.  decimeters  (««»«)    =1  CU.  METER    =  35.:;i6  +  cu.  ft. 

or  1.308  cu.  yd. 

UNIT  BQUIVALBim. 

CO.  cm.      CQ.  tnm. 
ctt.dm.       1  =       1000 
eu.m.    1  =    1000  =    1000000 
1=  1000  =  1000000  =  1000000000 

CALK — uniformly  1000. 

METRIC   WOOD   MEASURES. 

53.  The  Stere  is  the  unit  of  Wood  or  Solid  Measure,  and  is 
al  to  a  cubic  meters  or  .2759  cord. 


10  decisteres  (<«•«) 
10  steres  (■<) 


TABLE. 

1  decistere 

1 STERE 

I  decaslere  (}^) 


8.631  +  cu.  ft, 
36.316  +  cu.  ft, 
13.070  -f  cu.  yd. 


UNIT    EQUIVALBNTS. 

St.  dst 

DBt  1      =        10 

1     =     10     =     100 
3ALB — uniformly  10. 

Measures  of  Capacity. 
S4.  Capacity  signifies  extent  of  room  or  space. 

rrm.  —  Measures  of  cafMielty  are  all  cable  measores,  solidity  and  capacity  heiog  referred 
Rerent  anits,  as  will  be  seen  by  comparing'  the  tables.  Measures  of  o^aeitj  may  be 
rly  subdivided  into  two  dasses, — Measures  of  Liquids  and  Measures  of  Dry 
snoes. 

LIQUID   MEASURE. 

iS.  Liquid  Measure,  also  called  Wine  Measure,  is  used  in 
suring  liquids.  The  unit  is  the  Gallon,  and  the  table  is 
e  up  of  its  divisors  and  multiples. 
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TABLE. 

4   gills  (gi.)  =  1  pint  (pt.). 

2    pints  =  1  quart  (qt.), 

4    quarts  =  1  gallon  (gal. ). 

31^  gallons  =  1  barrel  (bbl.). 

2   barrels,  or  63  gal.  =  1  hogshead  (hhd.). 

UNIT   BQUIVALBNTS. 

pt.  gi 

qt.  1=4 

gal.  1=      2=        8 

bbi.      1    =     4=     8=      32 

hhd.    1  =  31^  =  126  =  262  =  1008 

1  =  2=63    =262  =  604  =  2016 

Scale — ascending,  4,  2,  4,  31^,  2 ;  descending,  2,  31^,  4,  2,  4. 

The  following  denominations  are  also  in  use : 

36  gallons  =  1  barrel  of  beer. 

54       *^     or  1^  barrels  =  1  hogshead  of  beer. 

42       "  =1  tierce. 

2  hogsheads,  or  126  gallons  =  I  pipe  or  butt. 

2  pipes,  or  4  hogsheads        =  1  tun. 

Horn.  —  1.  The  denominations,  barrel  and  hogshead,  are  used  in  estimating  the 
eapadtj  of  dstems,  reservoirs,  vats,  etc. 

8.  The  tieree,  hogshead,  pipe,  batt,  and  tun  are  the  names  of  casks,  and  do  not  express 
soy  fixed  or  definite  measures.  They  are  nsnally  ganged  and  have  their  capacities  in  gal- 
lons marted  on  them.    Several  of  these  denominations  are  still  in  use  in  England. 

8.  Ale  or  beer  measure,  formerly  used  in  measuring  beer,  alo,  and  mtlk  is  almost  entirely 
diseaitled. 

DRY   MEASURE. 

356.  Dry  Measure  is  used  in  measuring  articles  not  liquid ; 
as  grain,  fruit,  salt,  roots,  ashes,  etc.  The  unit  is  the  Bushel, 
of  which  all  the  other  denominations  in  the  table  are  divisors. 

TABLE. 

2  pints  (pt.)     =     1  quart  (qt). 
8  quarts  =     1  peck  (pk.). 

4  pecks  =     1  bushel  (bu.). 

UNIT   EQUIVALENTS. 

qt         pt. 

pk.  1=2 

bu.         1    =      8   =    16 

1  =  4  =  82  =  64 
Scale  —  ascending,  2,  8,  4 ;  descending,  4.  8.  2. 

BOB.  2«EW  higher  AB.  —  13 
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Nom.  —  1.  In  England,  8  bu.  of  70  lb.  eftch  (used  in  measaring  grain)  are  called  a 
irter.    The  weight  of  the  English  quarter  is  |  of  a  long  ton. 

5.  Grain  and  some  other  commodities  are  sold  by  even  ftill  or  ^trieksn  measure,  and 
»nch  cases  the  **  measure  is  to  be  stricken  with  a  round  stick  or  roller,  straight,  and  of 

same  diameter  firom  end  to  end.*' 

8.  Cool,  ashes,  marl,  manure,  com  in  the  ear,  fruit  and  roots  are  sold  by  heap  meamre. 
B  bushel,  heap  measure,  is  the  Winchester  bushel  heaped  in  the  form  of  a  cone,  which 
le  must  be  19|  inches  in  diameter  ( » to  the  outside  diameter  of  the  standard  bushel 
asure),  and  at  least  6  inches  high.  A  bushel,  heap  measure,  contains  S747.71ff7  cubic 
bes,  or  607.2967  cubic  inches  more  than  a  bushel  stricken  measure.  Since  1  peck  eon- 
is  tx^^  ss  587.605  cubic  Inches,  the  bushel,  heap  measure,  contains  90.6017  cubic  inches 
re  than  5  pecks.  As  this  is  about  1  bu.  1  pk.  1]  pt.,  it  is  sufficient] j  accurate  in  practice, 
sail  5  pecks  stricken  measure  a  heaped  bushel. 

4.  A  standard  bushel,  stricken  measure,  is  commonly  estimated  at  2150.4S  cubic  Indies. 
B  old  English  standard  bushel  from  which  the  United  States  standard  bushd  was  derived, 
I  kept  at  Winchester,  England  ;  hence  the  name. 

6.  The  wine  and  dry  measures  of  the  same  denomination  are  of  dilTerent  capacities, 
e  exact  and  the  relative  size  of  each  may  be  seen  by  the  following  table. 

357.    COMPARATIYE  TABLE  OF  MEASURES  OF  CAPACITY. 


Cubic  In.  In 

Cubic  in.  In 

Cubic  in.  in 

Cubic  in.  tn 

one  gallon. 

one  quart. 

one  pint. 

one  gill. 

231 

67} 

28} 

7A 

268J 

m 

881 

8| 

quid  measure  .... 
ry  measure  (|  pk.)  . 

NoTx. — The  beer  gallon  of  282  inches  is  retained  in  use  only  by  coatom. 

EQUIVALENTS. 

231  cu.  in.  =  1  gal. 
2150.42  cu.  in.  =  1  bu. 

4  bu.  =  6  cu.  ft.  (nearly). 
4  heaped  bu.  =  5  stricken  bu. 

71  gal.  =  1  cu.  ft.  (nearly). 
7  cu.  ft.  com  in  ear  =  3  bu.  shelled  com. 

METRIC   CAPACITY. 

368.  The  Liter  is  the  metric  unit  of  Capacity,  both  of  Liquid 
id  of  Dry  Measures,  and  is  a  vessel  whose  volume  is  equal  to 
cube  whose  edge  is  one  tenth  of  a  meter,  equal  to  1.05673  qt. 
[quid  Measure,  and  .9081  qt.  Dry  Measure. 


TABLE. 

10  milliliters  ("™^)  =  1  centiliter. 

10  centiliters  («0  =  1  deciliter. 

10  deciliters  («)  =  1  LITER 

10  liters  (})  =  1  decaliter. 

10  decaliters  (P^)  =  1  hectoliter. 

10  hectoliters  (Ui)  =  1  kiloliter,  or  stere. 

10  kiloliters  (»)  =1  myrialiter  (Mi). 
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UHIT  BQUIVALKNTS. 


d. 

ml. 

dl. 

1  = 

10 

1. 

1  = 

10  = 

100 

DL      1  = 

10  = 

100  = 

1000 

HI.     1  =    10  = 

100  = 

1000  = 

10000 

Kl.    1  =   10  =   100  = 

1000  = 

10000  = 

100000 

la     1=  10=  100=  1000  = 

10000  = 

100000  = 

1000000 

1  =  10  =  100  =  1000  =  10000  = 

100000  = 

1000000  = 

10000000 

Scale  —  uniformly  10. 

NoTB.  —  Tb«  meMures  oommonly  used  are  the  liter  and  hectoliter.  The  liter  is  very 
ncarij  a  qoart ;  it  ia  used  in  measuring  milk,  wine,  etc.,  in  moderate  quantities.  The  hec- 
toliter ia  about  9  ba.  8)  pk. ;  it  is  used  in  measuring  grain,  fruit,  roots,  etc.,  In  large 
qoaatitlaa. 


359. 

Metric 
Doiomlnatlons. 

1  milliliter    : 

1  centiliter    : 

1  deciliter 

1  LITER 

1  decaliter    = 

1  hectoliter  : 

1  kiloliter 

1  myrialiter : 


EQUIVALENTS   IN   UNITED   STATES   MEASURES. 


Cubic  Measure. 

1  ciL  centimeter 
10  CO.  centimeters 
^  cu.  decimeter 

1  cu.  decimeter 
10  cu.  decimeters 
^  cubic  meter 

1  cubic  meter 
10  cubic  meters 


Dry  Measure. 

.061    CU.  in. 
.6102  cu.  in. 
6.1022  cu.  in. 
.908    quart 
0.08     quarts 
2.8372+  bu. 
28.372+    bu. 
283.72+      bu. 


Wine  Measure. 

.27      fluid  dr. 
.338    fluid  oz. 
.845    gill. 
1.0567  qt. 
2.6417  gal. 
26.417    gal. 
264.17      gal. 
2641.7+    gal. 


Measures  op  Weight. 

360.  Weight  is  the  measure  of  the  quantity  of  matter  a  body 
contains,  determined  by  the  force  of  gravity. 

Nora.  — The  process  by  which  the  quantity  of  matter  or  the  force  of  gravity  is  obtained 
is  called  fttighing;  and  consists  in  comparing  the  thing  to  be  weighed  with  some  conven- 
tional standard. 

Three  scales  of  weight  are  used  in  the  United  States ;  namely, 
Troy,  avoirdupois,  and  apothecaries'. 

Notes.  — 1.  The  term  avoirdupois  is  derived  from  the  French,  avoir  du  poidti^  to 
have  weiffM,  The  term  Troy  is  derived  from  TVo^m,  the  name  of  a  town  in  France,  where 
the  weight  was  first  osed  in  Europe. 

2.  Pound  ia  from  the  Latin  p^tdo^  bend,  or  weigh.  Ounce  is  from  the  Latin  uneia, 
a  hoe^ftii,  the  ounce  being  a  twelfth  of  a  pound.  Pennffweiffht  derives  its  name  from  the 
Ihei  that  it  wm  the  weight  of  an  old  English  penny.  The  grain  of  wheat  was  formerly  the 
standard  of  all  weights  in  England. 
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TROY   WEIGHT. 

361.  Troy  Weight  is  iised  in  weighing  gold,  silver,  and 
jewels;  in  philosophical  experiments,  and  generally  where 
great  accuracy  is  required.  The  unit  is  the  Poundi  and  of  this 
all  the  other  denominations  in  the  table  are  divisors. 

TABLE. 

24  grains  (gr.)      =  1  pennyweight  (pwt.  or  dwt). 
20  pennyweights  =  1  ounce  (oz.). 
12  ounces  =  1  pound  (lb.). 

UUrr   EQUIVALENTS. 

pwt.  gr. 

01.  1  =      24 

lb.        1  =    20  =    480 

1  =  12  =  240  =  5760 

Scale  — ascending,  24,  20, 12 ;  descending,  12,  20,  24. 

Nom.  —  1.  Troy  weight  Is  aometimes  called  ffoldwnUhs*  totigkt, 
2.  In  wel^ioif  diamonds,  pearie,  and  other  Jewels,  the  aait  oommonljr  emplojvd  is  tha 
carat,  equal  to  4  carat  grains  or  8. 168  Troy  grains.   The  term  carat  la  also  used  to  express  the 
number  of  parts  in  24  that  are  pure  gold.    Thus  gold  that  is  12  carats  fine  is  |}  pure  gold 
and  il  alloy. 

AVOIRDUPOIS    WEIGHT. 

368.  Avoirdupois  Weight  is  used  for  all  the  oixiinary  pur- 
poses of  weighing.  The  unit  is  the  Pound,  and  the  table  is 
made  up  of  its  divisors  and  multiples. 

TABLE. 

16  drams  (dr.)         =  1  ounce  (oz.). 
16  ounces  =  1  pound  (lb.)- 

100  pounds  =  1  hundredweight  (cwt). 

20  cwt.,  or  2000  lb.  =  1  ton  (T.). 

UNIT   EQUIVALENTS. 

OZ.       dr. 

lb.      1  =    16 

cwt     1  =   16  =   266 

T.    1  =  100  =  1600  =  25600 

1  =  20  =  2000  =  82000  =  612000 

Scale  — ascending,  16,  16,  100,  20 ;  descending,  20,  100,  16,  16. 

KovB.  — The  lonjQ  or  grots  ton^  hundredweight,  and  quarter  w«ne  fonneriy  In  eommoa 
use ;  hat  tiMy  are  now  seldom  need,  except  in  eattmatlng  EngtlAh  goods  at  the  IT.  8.  enstom 
hoosea,  In  freighting  and  wholesaling  coal  ftxm  the  Pennsylvania  mtnea,  and  In  the  wholesile 
iron  and  plaster  trade. 
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LONG  TON   TABLB. 

16  ounces  (oz.)      =  1  pound. 
28  pounds  =  1  quarter  (qr.)* 

4  qr.    =:   112  lb.  =  1  hundredweight  (cwt.). 
20  cwt.  =  2240  lb.  =  1  ton  (T.). 

ScALB  —  ascending,  28,  4,  20;  descending,  20,  4,  28. 
The  following  denominations  are  also  in  use : 


14  pounds 

=  1  atone. 

100       ** 

butter 

=  f  flrkin. 

100       " 

grain  or  flour 

=  1  cental. 

100       " 

dry  fish 

=  1  quintal. 

100       " 

nails 

=:lkeg. 

196       " 

flour 

=  1  barrel. 

200       " 

pork  or  beef 

=  1  barrel. 

280       " 

salt  at  N.Y.S.  Works 

=  1  barrel. 

66       " 

salt  at  N.Y.  S.WoriLs 

=  1  bushel. 

240       " 

lime 

=  1  cask. 

363.  The  number  of  avoirdupois  pounds  in  a  bushel,  as  fixed 
by  statute,  varies  in  different  states  and  with  different  articles. 
The  following  are  the  weights  established  in  most  of  the  states : 

TABLE   OF   AVOIRDUPOIS   POUNDS   IN   BUSHELS. 


ComoDrmEs. 


Apples  .... 
Apples,  dried 
Barley  .... 
Beans,  castor 
Beans,  white 
Bluegrass  seed 

Bran 

Buckwheat  . 
Clover  seed  . 
Com,  ear  .  . 
Com,  shelled 
Com  meal  .  . 
Cotton  seed  . 
Flaxseed  .  .  . 


^1 

•a  • 

^  B 


50 
24 
48 
46 
60 
14 
20 
52 
60 
70 
56 
50 

32. 
56 


aS 


^ 


44-57 
22-28 
46-50 
45-62 

62 

No  excep. 

No  excep. 

40-56 

62-64 

54-72 

52 
46-48 
28-40 

55 


CoMMODinas. 


« 

zs 

if  ts 

^  9 


Hair 

Hemp  seed  .... 
Hungarian  seed  .  . 
Malt,  barley  .... 
Millet  seed    .... 

Oats 

Onions 

Pease    

Potatoes,  Irish  .  . 
Potatoes,  sweet  .  . 

Rye 

Timothy  seed  .  .  . 

Turnips 

Wheat 


8 
44 
50 
38 
50 
32 
57 
60 
60 
55 
56 
45 
55 
60 


« 

^1 


11 

No  excep. 

48 

30-35 

48 

26-36 

48-56 

No  excep. 

66 

46-60 

54-60 

42-60 

42-60 

No  excep. 


1 
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apothecaries'   WEIGHT. 

364.  Apothecafies'  Weight  is  used  by  apothecaries  and  phy- 
sicians in  weighing  medicines  for  prescriptions ;  but  medicines 
are  bought  and  sold  by  avoirdupois  weight.  The  tmit  is  the 
Pound,  of  which  the  other  denominations  are  divisors. 

TABLE. 

20  grains  (gr.)  =  1  scruple  (sc.  or  3). 

3  sovuples        =  I  dram  (dr.  or  3)> 

8  drams  =  1  ounce  (oz.  or  J). 

12  ounces  =  1  pound  (lb.  or  tb). 

UNIT  EQUIYALENTB. 


BC. 

gr. 

dr. 

1     = 

20 

OS. 

1    = 

3  = 

60 

1  = 

8  = 

24  = 

480 

lb. 

1  =  12  =  06  =  288  =  6760 

Scale  — ascending,  20,  3,  8,  12 ;  descetiding,  12,  8,  3,  20. 

apothecaries'  fluid  measure. 

366.  The  measures  for  fluids,  used  in  compounding  medicines, 
and  putting  them  up  for  market,  are  as  follows : 

table. 

60  minims  (1T\,)  =  1  fluidrachm  (f  5)> 
8  fluidrachms  =  1  fluidounce  (f  S). 

16  fiuidounces   =  1  pint  (O). 
8  pints  =  1  gallon  (Cong.). 

UNIT   EQUIVALENTS. 

f3  rti 

£5               1  =  60 

O.              1     =          8  =  480 

Cong.        1     =      16    =      128  =  7680 

1     =     8     =     128     =     2048  =  61440 

Scale  —  ascending,  60,  8,  16,  8  ;  descending,  8,  16,  8,  60. 

COMPARATIVE  TABLE   OF   WEIGHTS. 

Troy.        Avolrdapois.         Apotb. 
1  pound  =  5760  gr.  =  7000  gr.  =  6760  gr. 
1  ounce  =   480  gr.  =  437.5  gr.  =   480  gr. 

175  lb.  =  144  lb.     =    176  lb. 
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METRIC   WEIGHT. 

366.  The  Gram  is  the  metric  unit  of  Weight,  and  is  equal  to 
the  weight  of  a  cube  of  distilled  water,  the  edge  of  which  is 
one  hundredth  of  a  meter,  equal  to  15.432  Troy  grains. 


10  milligrams  ("«) 
10  centigrams  (^) 
10  decigrams  (^) 
10  grams  (s) 
10  decagrams  (pt) 
10  hectograms  (Hi) 
10  kilograms  (Kf ) 
10  myriagrams  (^) 

10  quintals 


TABLE. 

=  1  centigram 
=  1  decigram 
=  1  GRAM 
=  1  decagram 
=  1  hectogram 
=  1  kilognun, 
=  1  myriagram 
=  1  quintal 
__  -   f  tonneau,  1 
""     t     or  ton  i 

UNIT  BQUIYALBMrS. 


.16482  +  gr.  Troy. 
1.M324+  "      " 
15.43248+  "      " 

.36273  +  oz.  Avoir. 

3.62739+  ** 

2.20462  +  lb. 

22.04621+  '* 

220.46212+  '* 


Ci 

It 
cc 

Ci 


IT. 

Ds:. 

1» 

Hg.            1  = 

10- 

Kir. 

1-        10  b 

100- 

Vg. 

i« 

10  a          100  « 

1000- 

1» 

10  « 

100  »     1000  » 

10000- 

10- 

100- 

1000  »   10000  » 

100000- 

=  2204.62125       "       " 


1- 

10- 

100- 

1000- 

10000- 

100000- 


10 

100 

1000 

10000 

100000 

1000000 

10000000 

100000000 


1 

10- 
100 
1000 
10000 

a 

T.   1-  10-  100-  1000-  10000-  100000-  1000000-  10000000 
1  -  10  -  100  -  1000  -  10000  -  100000  - 1000000  -  10000000  -  100000000  -  1000000000 

ScALB — uniformly  10. 

Hots. — The  ffreum  la  uaed  In  mixing  medleinea,  in  weighing  the  predoas  metala,  and 
whenever  greet  ezaetneu  Is  required.  Tlie  ktloffram^  or  tUo  Is  the  nsoal  weight  for  grooerlee 
•ad  eaerse  artleles  genendly ;  It  is  rtry  nearly  2|  pounds  nvolrdnpols.  The  tonneau  is 
vied  for  wei^iing  hay  and  other  heavy  artloles ;  It  Is  abont  904  lb.  more  than  oar  ton. 

EQUIVALENTS. 

867.  Units  of  the  Common  System  may  be  readily  changed 
to  units  of  the  Metric  System  by  the  aid  of  the  following  table : 


TABLE. 


llneh  * 
Ifoot  ' 
Ijrard  - 
Ired 

ImOe  * 
Isq.  ineh* 
1  sq.  foot  I 
1  sq.  yd.  < 
Isq. rod  • 

Isq.  milei 


S.54  eenfimeters. 

1  en.  inch  —  16.89  en.  eentlmeters. 

80.48  eentimeters. 

1  en.  foot  —88890  en.  centimeters. 

.9144  meter. 

1  CO.  yard  —  .7646  co.  meter. 

5.0S9  meters. 

1  eord       —8.685  stores. 

1.6098  Icilometers. 

1  flL  ounce  -  8.958  eentilitera. 

6.4928  sq.  eentlmeters. 

1  gallon     -8.786  Uters. 

929  sq.  eentlmeters. 

1  bushel    -.85849 heetoUter. 

.8861  sq.  meter. 

1  Troy  gr.  —64.8  mflUgrama. 

96.89  eentarea. 

1  Troy  lb.  -.878  UIo. 

40.47  arss. 

lav.  lb.     -.4586  kilo. 

809  hectares— 9.09  sq.Km. 

1  ton         —  .907  tunneaa. 
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Money  and  Currencies. 

368.  Money  is  the  commodity  adopted  to  serve  as  the  mii- 
versal  equivalent  or  measure  of  value  of  all  other  commodities, 
and  for  which  individuals  readily  exchange  their  surplus  prod- 
ucts or  their  services. 

Coin  is  metal  struck,  stamped,  or  pressed  with  a  die,  to  give  it  a  legal, 
fixed  value,  for  the  purpose  of  circulating  as  money.  The  coins  of  civi- 
lized nations  consist  of  gold,  silver,  copper,  nickel,  and  bronze. 

A  Mint  is  a  place  in  which  the  coin  of  a  country  or  government  is 
manufactured.  In  all  civilized  countries  mints  and  coinage  are  under  the 
exclusive  direction  and  control  of  government. 

An  Alloy  is  a  metal  compounded  with  another  metal  of  greater 
value.  In  coinage,  the  less  valuable  or  baser  tnetal  is  not  reckoned  of  any 
value. 

NoTB.  —  Gold  and  sliver.  In  their  pare  state,  are  too  soft  and  flexible  for  ootna^ ;  hence 
they  are  hardened  by  compound Ingf  them  with  an  alloy  of  baser  metal,  while  their  oo^or  and 
other  valuable  qaallties  are  not  materially  impaired. 

An  Assayer  is  a  person  who  determines  the  composition  and  conse- 
quent value  of  alloyed  gold  and  silver. 

The  fineness  of  gold  is  estimated  by  carats,  as  follows : 

Any  mass  or  quantity  of  gold,  either  pure  or  alloyed,  is  divided  into 
24  equal  parts,  and  each  part  is  called  a  carat. 

Fine  gold  is  pure,  and  is  24  carats  fine. 

Alloyed  gold  is  as  many  carats  fine  as  it  contains  parts  in  24  of  fine  or 
pure  gold.  Thus,  gold  20  carats  fine  contains  20  parts  or  carats  of  fine 
gold,  and  4  parts  or  carats  of  alloy. 

An  Ingot  is  a  small  mass  or  bar  of  gold  or  silver,  intended  either  for 
coinage  or  exportation.  Ingots  for  exportation  usually  have  the  assay er*8 
or  mint  value  stamped  upon  them. 

Bullion  is  uncoined  gold  or  silver. 

Bank  Bills  or  Bank  Notes  are  bills  or  notes  issued  by  a  banking  com- 
pany, and  are  payable  to  the  bearer  in  gold  or  silver,  at  the  bank,  on 
demand.  They  are  substitutes  for  coin,  but  are  not  legal  tender  in  pay- 
ment of  debts  or  other  obligations. 

Treasury  Notes  are  notes  issued  by  the  general  government,  and  are 
payable  to  the  bearer,  on  demand. 

Currency  is  coin,  bank  bills,  treasury  notes,  and  other  substitutes  for 
money,  employed  in  trade  and  commeree. 

A  Circulating  Medium  is  the  currency  or  money  of  a  country  or 
government. 

A  Decimal  Cnrrency  is  a  currency  whose  denominations  increase  and 
decrease  according  to  the  decimal  scale. 
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UNITED   STATES    MONEY. 

869.  The  currency  of  the  United  States  is  decimal,  and  is 
sometimes  called  Federal  Money,  The  unit  is  the  Dollar,  and  all 
the  other  denominations  are  divisors  or  multiples  of  it. 

TABLE. 

10  mills  (m.)  =  1  cent  (ct). 
10  cents  =  1  dime  (d.). 

10  dimes         =  1  dollar  ($). 
10  dollars       =  1  eagle  (£.). 

UNIT  EQUIVALENTS. 

ct.     m. 

d.     1  =    10 

$    1  =   10  =   100 

E.    1  =  10  =  100  =  1000 

1  =  10  =  100  =  1000  =  10000 

Scale  —  imiformly  10. 

NoTB.  —  Federal  Money  was  adopted  by  CoDgjeaa  in  1786.  The  character  $  is  supposed 
to  be  a  eostractloD  of  U.  S.  (United  SUtes),  the  U  being  placed  upon  the  S. 

The  coins  of  the  United  States  with  their  weight  and  fineness  as  estab- 
lished by  the  coinage  acts  in  force  Jnne  30,  1893,  are  as  follows: 

Coins.  Weight.  Fineness. 

Double  Eagle  (gold)  ....  516  grains  .000 

Eagle  (gold) 258  "  .900 

Half  Eagle  (gold) 120  ''  .000 

Quarter  Eagle  (gold)  ....  64.5  "  .000 

SiWer  Dollar  (silver)  ....  412.5  ''  .900 

Half  Dollar  (silver)     ....  192.9  "  .900 

Quarter  Dollar  (silver)    .    .    .  96.45  ''  .900 

Dime  (silver) 38.4  "  .900 

Five-cent  piece  (nickel)  .    .    .    77.16     "  I  Ic  ^?^^7' 

1 .25  nickel. 

One-cent  piece  (bronze)      .    .         48     "  {'^Jt^^^^l    . 

^  1 .05  tm  and  zinc. 

NoTBS.  —  The  doable  eagle  » 1 20,  the  eagle  $  10,  and  the  half  eagle  $  5.  Bank  bills  are 
iaraed  lo  denominations  of  1 1, 1 2,  $5, 1 10,  $  20,  «  60,  %  100,  $  500,  and  $  1000. 

CANADA  MONEY. 

370.  The  currency  of  the  Dominion  of  (Canada  is  decimal,  and 
the  table  and  denominations  are  the  same  as  those  of  the 
United  States  money. 

Kara.  —  The  enrrency  of  the  whole  Dominion  of  Canada  was  made  uniform  July  1, 1871. 
Beltare  the  adoption  of  the  deeimal  system,  pounds,  shillings,  and  pence  were  used. 


202  MEASURES  —  METRIC  AND  COMMON. 

Coins.  — The  gold  covis  used  in  Canada  are  the  British  sovereign, 
worth  $  4.8666,  and  the  half-sovereign. 

The  bronze  coin  is  the  cent. 

The  silver  C(An8  are  the  60-cent  piece,  25-cent  piece,  10-cent  piece,  and 
6-cent  piece.    The  20-cent  piece  is  no  longer  coined. 

The  intrinsic  value  of  the  60-cent  piece  in  United  States  money  is  about 
46.2  cents ;  of  the  25-cent  piece,  23.1  cents ;  of  the  l<k»nt  piece  f  .092 ;  of 
the  6-cent  piece  $  .046  and  of  the  1-cent  piece  f  .01.  In  ordinary  business 
transactions  Canadian  coins  pass  the  same  as  United  States  coins  of  the 
same  denomination. 

Oovemment  Standard.  The  silver  coins  consist  of  026  parts  (.025) 
pure  silver  and  76  parts  (.076)  copper.    That  is,  they  are  925  fine. 

ENGLISH   MONEY. 

371.  English  or  Sterling  Money  is  the  currency  of  Great 
Britain.  The  unit  is  the  Pound  Sterling,  and  all  the  other 
denominations  are  divisors  of  this  unit. 

TABLE. 

U.  8.  Value. 

4  farthings  (far.  orqr.)  =  1  penny  (d.)  =  $0.0202. 

12  pence  =  1  shilUng  (s. )  =  f  0.2433. 

20  shillings  =  1  pound  or  sovereign  (£  or  gov.)  =  $4.8666. 

UNIT  BQUIVALBNTS. 

d.  flu-. 

8.  1=4 

£orsov.    1  =    12=    48 
1  =  20  =  240  =  960 

Scale — ascending,  4,  12,  20;  descending,  20, 12,  4. 

KoTBB.— 1.  FarthingB  wte  generally  expressed  as  fractions  of  a  pennj;  tiuu,  1  fltr^ 
Bometlroes  called  1  quarter  (,qr.) »  i<f .;  8  fiur.  » |<l. 

8.  The  old  /,  the  orli^lD^  abbreviation  for  shtlUn^  was  formerly  written  between  shil- 
lings and  pence,  and  <!.,  the  abbreyiation  for  pence,  was  omitted.  Thus,  ie.  M.  was  written 
S/6.  A  straight  line  is  now  nsed  in  place  of  the  /,  and  shillings  are  written  on  the  left  of  it 
and  pence  on  the  right.    Thus,  2/6, 10/3,  etc. 

Coins.  — The  gold  coins  are  the  sovereign  and  the  half-soyereign. 

The  silver  coins  are  the  crown  (=  59.  =  9 1.216),  the  half-crown  (=r  2s. 
6<i.  =$.608),  the  florin  (  =  2«.  =$.486),  the  shilling,  the  sixpence,  the 
fourpence,  and  the  threepence. 

The  copper  coins  are  the  penny  (=  $.02),  the  half-penny,  and  the 
farthing. 

Note.— The  guinea  (*«21«.-$6.11)  and  the  half-guinea  (»10«.  td.  Bteriing«$8.66S> 
are  old  gold  coins,  and  are  no  longer  coined. 

Oovemment  Standard,  The  standard  fineness  of  English  gold  coin  is 
11  parts  pure  gold  and  1  part  alloy ;  that  is,  it  Is  22  carats  fine.    The 
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standard  fineness  of  silver  coin  is  11  oz.  2  pwt.  (=11.1  oz.)  pure  silver 
to  18  pwt  (=  .9  oz.)  alloy.  Hence  the  silver  coins  are  11  oz.  2  pwt.  fine ; 
that  is,  11  oz.  2  pwt.  pure  silver  in  1  lb.  standard  silver.  This  standard  is 
37  parts  (}i  =  .025)  poije  silver  and  3  parts  (/^  =  .075)  copper. 

NoTB.  —  A  pound  of  EngUBh  standard  gold  is  equal  In  yalne  to  14.2878  lb.  — 14  lb.  8  ox. 
9  pwt  1.727  gr.  of  silver. 

FRENCH   MONET. 

372.  The  currency  of  France  is  decimal  currency.     The  unit 
is  the  Franc,  of  which  the  other  denominations  are  divisors. 

TABLE. 

10  millimes  =  1  centime  =  $  .00193. 
100  centimes  =  1  franc      =  $  -103. 

ScALK  —  anif  ormly  10. 

Coins.  — The  gold  coins  are  the  40-,  20-,  10-,  and  5-franc  pieces. 

The  sUver  coins  are  the  5-,  2-,  and  1-franc,  the  50>  and  20-centime  pieces. 

The  brome  coins  are  the  10-,  5-,  2-,  and  1-centime  pieces. 

GEBMAN   MONEY. 

373.  The  currency  of  Germany  is  decimal,  the  unit  being 
the  Reichsmark  or  BCark. 

TABLE. 

100  pfennigs  =  1  mark  =  $  .2385. 

Coins.  — The  gold  coins  are  the  20-,  10-,  and  5-mark  pieces. 
The  silver  coins  are  the  2-raark  and  1-mark,  and  the  20-pfennig  pieces. 
The  nickel  coUis  are  the  10-pfennig  and  5-pfennig  pieces,  and  the  copper 
coins  are  the  2-pfennig  and  1-pfennig  pieces. 

374.  COMPARATIVE  TABLE   OF   MONEYS. 


EngHth.  U.  8. 

1  penny  (d.)  =  $0.0202  + 

1  shUling  (s.)         =      .2433  + 
1  florin  (fl.)  =      .4866  + 

1  sovereign  (soy.)  =     4.8665 


French.  U.  8. 

1  centime  (ct.)  =  $0.00193. 
1  decime  (dc.)   =    0.0193. 
1  franc  (fr.)       =      .193. 

Oerman. 
1  mark  (mk.)    =    0.2385. 


875.  The  Act  of  1873,  provides  that  the  value  of  foreign 
coin,  as  expressed  in  United  States  money,  shall  be  that  of  the 
pure  metal  of  such  coin  of  standard  value.  The  following 
table  is  taken  from  the  estimate  made  by  the  Director  of  the 
Mint,  July  1, 1895 : 
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VALUES   OF   FOREIGN    COINS. 


CJoUltTBT. 


Argentliie  Repablio. 


Austrto-Huigary 


Belgliiin 

Bolivia 

Bnuil 

BritUh    Poftsessions 

Newfoundland). 
Central  Ainer.  States- 

CosU  Klca 

Guatemala 

Honduras 

Nicaragua 

Salvadtir 

Chile 


N.    A.   (except 


China 


Colombia . 

CuU 

Denmark . 
Ecuador.. 
Egypt.... 


Finland 

Franco  

German  Empire. 
Great  Britain  . . . . 

Greece 

Haiti 

India 

Italy 

Japan  

Liberia 

Mexico 


Netherlands . . . 
Newfoundland . 

Norway 

Persia 

Peru 

Portugal 

Rus»la 


Spain 

Sweden  .... 
Switzerland 

Tripoli 

Turkey 

Venezuela . . 


1 


Standard. 


Gold  and  sOrer. 


Gold. 


Gold  and  aOyer. 

Silver 

Gold 

Gold 


Snver 

Gold  and  sOrer. 


surer. 


Silver 

Gold  and  silver. 

Gold 

Silver 

Gold 


GoM 

Gold  and  silver. 

Gold 

Gold 

Gold  and  stiver. 
Gold  and  silver., 

Silver 

Gold  and  silver.. 

Gold  and  silver' 

Gold 

Silver 


Gold  and  silver. 

Gold 

Gold 

Silver 

Sliver 

Gold 

Sflver« 


Gold  and  silver. 

Gold 

Gold  and  silver. 

Silver 

r.oM 

Gold  and  silver. 


Monetary  unit. 


Peso. 


Crowa. 


Frane.... 
Boliviano 
MUreis... 
Dollar ... 


Peso. 


Peso. 


Tael. 


Shanghai ... 
Haikwan 
(Castoms). 
Tientsin  — 
Chefoo 


Peso 

Peso 

Crown 

Sucre 

Pound  (100  piasters). 


Mark 

Franc 

Mark 

Pound  sterling. 

Drachma 

Gourde 

Rupee 

Lira 


v.„  j  Gold.. 

^•" 1  Silver. 


Dollar  . 
Dollar. 

Florin  . 
Dollar  . 
Crown. 
Kran.. 
Sol  ... . 
MUrels. 

Ruble . 


J  Gold.. 
1  Silver. 


Peseta... 

Crown 

Franc 

Mahbub  of  20  plasters. 

Plaster 

Bolivar 


>  Gold  the  nominal  standard.    Silver  practically  the  standard. 

*  Sliver  the  nominal  standard.    Paper,  the  actual  currency,  the  depreciation  of  which  is 
measured  by  the  gold  standard. 
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VALUES  OF  FOBEIGN  COINS. 


Yahwin 

terms  of  C7.  S. 

Coins. 

foUdoIbr. 

•  0.965 

Gold :  argentine  ($4,824)  and  k  argentine.    Silver :  peso  and  di visions. 
(Gold:   former  system— 4  florins  ($1,929),  8  Horins  ($8,858),  ducat 

.tOB 

<     (  $8,987),  and  4  d  ucats  ($  9. 15S).    SUver :  1  and  9  Horins. 

f  Gold :  present  system —90  crowns  ($  4.U52) ;  10  crowns  ($  2.026). 

.1M 

Gold :  10  and  20  fruncs.    Silver :  5  francs. 

.486 

Silver :  boliviano  and  divisions.                                     •* 

.646 

LOO 

Gold:«,10,aBd20milrei8.    BUver:  i  1,  and  2milrels. 

.4S6 

Silver :  peso  and  divisions. 

.913 

GoM:    escudo  ($1,894),  doubloon   ($4,561),   and   condor   ($9,128). 

Silver:  peso  and  divisions. 

.T18 

.800 

.761 
.751 
.486 
.9S6 
.268 
.486 
4.948 

.198 

.198 

.988 

4.9661 

.196 
.966 
.981 
.196 
.997 
.994 
LOO 
jU8 

.409 
1.014 
.968 
.089 
.4ov 
1.08 
.779 
.889 
.198 


.198 

.044 
.198 


QoU :  eondor  ($  9.6IT)  and  dooble-eondor.    Silver :  peso. 

Gold:  doubloon  ($5,017).    Sliver:  peso. 

Gold :  10  and  20  crowns. 

Gold :  eondor  ($9,647)  and  double-condor.    Sliver :  soere  and  divisioBS. 

Gold :  pound  (100  piasters),  5,  10,  20,  and  80  plasters.    Silver :  1,  2,  5,  10, 

and  SO  piasters. 
Gold :  20  marks  ($8,699).  10  marks  ($  1.98). 
Gold :  5, 10,  20,  50,  and  100  francs.    Silver :  5  francs. 
Gold :  5,  10,  and  20  marks. 
Gold :  sovetvign  (pound  sterling)  and  4  sovereign. 
Gold :  6, 10,  90,  60,  and  100  drachmas.    Silver :  5  drachmas. 
Silver:  gourde. 

CK>ld :  mohor  ($  7.105).    Silver :  mpec  and  divisions. 
Gold :  5,  10,  20,  50.  and  100  lire.    Silver :  5  lire. 
Gold  :  1,  2,  5, 10,  and  80  yen. 
Silver:  yen. 

Gold :  dollar  ($0,938),  2|,  6, 10,  and  20  dollars.    Silver:  dollar  (or  peso) 

and  divisions. 
Gold :  10  florins.    Silver:  4«  h  ^nd  ^k  florins. 
Gold:  2 dollars  ($2,027). 
Gold :  10  and  20  crowns. 

Gold :  1, 1,  and  2  tomans  ($  8.409).    Silver :  |,  &,  1,  2,  and  5  krani. 
Sliver :  sol  and  divisions. 
Gold :  1, 9,  5.  and  10  milreis. 
Gold :  imperial  ($  7.718).  and  i  imperial  >  ($8.86). 
Silver :  |,  (,  and  1  ruble. 
Gold :  25  ii«9etas.    Silver :  5  pesetas. 
Gold:  10  and  20  crowns. 
Gokl :  6,  10, 20,  50,  and  100  francs.    Silver :  6  ftvnes. 

Gold :  25,  SO,  100,  250,  and  600  piasters. 

Gold :  5, 10,  20,  50,  and  100  bolivars.    Silver :  :i  iKiIivars. 


1  Coined  since  January  1, 1886.    Old  batf-imperial »  $  8.986. 
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Measure  of  Time. 

376.   Time  is  the  measure  of  duration.    The  unit  is  the  Day, 
and  the  table  is  made  up  of  its  divisors  and  multiples. 


TABLE. 

60  seconds 

(sec.)      =  1  minute  (min.). 

60  minutes 

=  1  hour  (h.). 

24  hours 

=  1  day  (da.). 

7  days, 

=  1  week  (wk.). 

316  days  or             1      .                          .     . 
^wk  Ida.          }  =  1  common  year  (yr.). 

366  days 

=  1  leap  year  (yr.). 

12  calendar  months  —  1  year  (yr.). 

100  years 

=  1  century  (C). 

UNrr  EQUIVALENTS. 

min. 

h.                  1  = 
d«.            1  =          60  = 

sec 

60 

3600 

wk. 

1  =      24  =      1440  = 

86400 

1  = 

7  =    168  =    10080  =      604800 

yr.     mo.           , 
1  =  12      =1 

365  =  8760  =  525600  =  31536000 

366  =  8784  =  527040  =  31622400 

Scale  — 

-ascending,  60, 

60,  24,  7  ;  descending,  7,  24, 

60,60. 

The  calendar  year  is 

divided  as  follows : 

Ko.  of  month. 

8«Mon. 

Names  of  months.          AbbrevlatioiM. 

No.  of  days. 

1 
2 

Winter, 

( January,                   Jan. 
I  February,                 Feb. 

31 

98  or  29 

3 

f  March,                      Mar. 

31 

4 

Spring, 

•!  April,                        Apr. 

30 

5 

I  May,                       

31 

6 

rJune,                        Jun. 

30 

7 

Summer, 

J  July,                             

31 

8 

i  August,                     Aug. 

31 

9 

'  September,               Sept. 

30 

10 

Autumn, 

'  October,                   Oct. 

31 

11 

,  November,                Nov. 

30 

12 

Winter 

December,                Dec. 

31 

The  Dumber  of  days  in  each  calendar  month  may  be  easily  remembered  by  otMiimittloff 
the  following  lines  to  memory : 

"  Thirty  days  have  September, 
April,  June,  and  November ; 
AU  the  rest  hare  thirty-one. 
Save  February,  which  alone 
Has  twenty-eight;  and  one  day  more 
We  add  to  it  one  year  in  four." 
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Nona.  ^1.  In  most  bostnesa  tnuuMstloiiB  80  days  sre  called  1  month.  For  many  por- 
poBBs  4  w«eka  eoastitate  a  month. 

fi.  Hm  ei9U  day  begins  and  ends  at  IS  o'doek,  midnight  The  tutron&mieal  day^ 
ued  bj  aatronomers  In  dating  events,  begins  and  ends  at  13  o'clock,  noon.  The  dvil  year 
is  eomposad  of  dril  days. 

8.  AJi.  (anteHDaerldian)  is  naed  to  denote  the  time  between  midnight  and  noon ;  m.  (meri- 
dian) to  deiiats  noontime ;  and  p.m.  (post>tneridian)  to  denote  the  time  between  noon  and 

BISSEXTU^B   OS  LEAP  YEAB. 

877.  The  period  of  time  required  by  the  sun  to  pass  from 
one  vernal  equinox  to  another,  called  the  yernal  or  tropical 
year,  is  exactly  365  da.  5  h.  48  min.  49.7  sec.  This  is  the  true 
year,  and  it  exceeds  the  common  year  by  5  h.  48  min.  49.7  sec. 
(not  quite  a  quarter  of  a  day). 

If  966  days  are  reckoned  as  1  year,  the  time  lost  in  the  calendar  will  be 

In  I  yr.,    5  h.  48  min.  49.7  sec. 
i«  4  "    23  '*  15     "    18.8   '* 

The  time  thos  lost  in  4  yean  will  lack  only  44  min.  41.2  sec  of  1  entire 
day.    Hence, 

If  every  fourth  year  is  reckoned  as  leap  year,  the  time  gained  in  the 
calendar  will  be. 

In     4  3rr.,  44  min.  41.2  sec. 

•MOO"    (=25x4yr.)    18  h.  37    "    10      *« 

The  time  thus  gained  in  100  years  will  lack  only  6  h.  22  min.  50  sec.  of 
1  day.     Hence, 

If  every  fourth  year  is  reckoned  as  leap  year,  the  centennial  years 
excepted,  the  time  lost  in  the  calendar  will  be, 

In  100  yr.,      5  h.  22  min.  50  sec. 
"  400  *•       21  "  31    **     20   •» 

The  time  thus  lost  in  400  years  lacks  only  2  h.  28  min.  40  sec.  of  1 
day.    Hence, 

If  every  fourth  year  is  reckoned  as  leap  year,  3  of  every  4  centennial 
yean  excepted,  the  time  gained  in  the  calendar  will  be, 

In    400  yr.,      2  h.  28  min.  40  sec. 
»*  4000   "       24  "  46    **     40    ** 

The  following  rule  for  leap  year  will  therefore  render  the  calendar 
correct  to  within  1  day,  for  a  period  of  4000  yean. 

I.  Every  year  that  is  exactly  divisible  by  4t  is  a  leap  year,  the 
centennial  years  excepted;  the  other  years  are  common  years, 

II.  Every  centennial  year  that  is  exactly  divisible  by  400  is  a 
leap  year;  the  other  centennial  years  are  common  years. 
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NoTH.  —  1.  JuUoA  Ceaftr,  tlie  Ronnftn  Emperor,  decreed  that  the  year  ehoald  coo^t 
of  866  days  6  hoars ;  Uut  the  6  hours  should  he  disre^rded  for  8  soooeMiTe  years,  and  ea 
entire  day  be  added  to  every  fourth  yMr.  This  day  was  Inserted  in  the  ftondar  between 
the  i4th  and  25th  days  of  February,  and  is  eaUed  the  inUrcalary  day.  Aa  the  Romaaa 
counted  the  days  backward  fh>in  the  first  day  of  the  following  month,  the  Mth  of  Febroary 
waa  called  by  them  tMUo  oalsHda*  Mariii^  the  sixth  before  the  calends  <tf  Maroh.  The 
interttlary  day  which  followed  this  waa  called  bU-Moeto  eaisHdas  JiartU;  hence  the  nam* 
bissexiiU. 

%.  In  1682  the  error  in  the  calendar  as  established  by  Julius  Cesar  had  increased  to  10 
days ;  that  is,  too  much  time  had  been  reckoned  aa  a  year,  until  the  ciril  year  was  10  days 
behind  the  solar  year.  To  correct  this  error.  Pope  Gregory  decreed  that  10  entire  days 
should  be  atrlcken  fh>m  the  calendar,  and  that  the  day  following  the  8d  day  of  October, 
1582,  should  be  the  14th.  This  brought  the  vernal  equinox  at  March  21  —  the  date  on  which 
it  occurred  in  the  year  825,  at  the  time  of  the  Council  of  Nice. 

8.  The  year  as  established  by  Julius  Cesar  is  sometimes  called  the  Julian  y*ar;  and 
the  period  of  time  in  which  it  was  iii  force,  namely  from  46  B.C.  to  1582,  A.U.  is  called  the 
JuUan  Period. 

4.  The  year  as  esUblished  by  Pope  Gregory  is  called  the  Ortgorian  ^^^'^''i  ^<i  the 
calendar  now  used  Is  the  Gregorian  Calendar. 

6.  Most  Catholic  countries  adopted  the  Gregorian  Calendar  soon  after  it  was  establiahed. 
Great  Britain,  however,  continued  to  use  the  Julian  Calendar  until  1702.  At  this  time  the 
civil  year  was  11  days  behind  the  solar  year.  To  correct  this  error,  the  British  Government 
decreed  that  11  days  should  be  stricken  from  the  calendar,  and  that  the  day  following  the 
8d  day  of  September,  1752,  should  be  the  14th. 

6.  Time  before  the  adoption  of  the  Gregorian  Calendar  is  called  Old  SiifU  (0.6.),and 
time  since,  Kew  Style  (N.S.).  In  Old  Style  the  year  commenced  March  25,  and  in  New 
Style  it  commences  January  1. 

7.  Russia  still  reckons  time  by  OKI  Style,  or  the  Julian  Calendar ;  hence  the  finaalaDS* 
dates  are  now  12  days  behind  ours. 

8.  The  centuries  are  numbered  from  the  commencement  of  the  Christian  era;  the 
months  from  the  commencement  of  the  year ;  the  days  from  the  commencement  of  the 
month,  and  the  hours  from  the  commencement  of  the  day  (12  o'clock,  midnight).  Thus, 
May  28, 1880, 9  o*elodk  A,M.,  is  the  9th  hour  of  the  28d  day  of  the  5th  month  of  the  90th  year 
of  the  19th  century. 

Circular  or  Angular  Measure 

378.  Circular  Measure,  or  Circular  Motion,  is  used  principally 
in  surveying,  navigation,  astronomy,  and  geography,  to  measure 
ares  of  angles  or  circles,  for  reckoning  latitude  and  longitude, 
determining  locations  of  places  and  vessels,  and  computing 
difference  of  time. 

Every  circle,  great  or  small,  is  divisible  into  the  same  number 
of  equal  parts :  as  quarters,  called  Quadrants ;  twelfths,  called 
Signs ;  3G0ths,  called  Degrees,  etc.  Consequently  the  parts  of 
different  circles,  although  having  the  same  names,  are  of  different 
lengths. 

The  unit  is  the  Degree,  which  is  ^^^  part  of  the  space  about 
a  point  in  any  plane.  The  table  is  made  up  of  divisors  and 
multiples  of  this  unit. 
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TABLE. 

60  seconds  (")      =  1  minute  (')• 
60  minutes  =  1  degree  (°). 

30  degrees  =  1  sign  (S.)- 

12  signs,  or  360^,  =  1  circle  (C). 


UNIT  BQUIYALBITTS. 

O  1=  60. 

S.  1=       60=       3600. 

C.       1=   30=    1800=    108000. 

1  =  12  =  360  =  21600  =  1296000. 

Scale— ascending,  60, 60,  30,  12 ;  descending,  12,  30,  60,  60. 

Nona.  —  L  Mtnotas  of  the  tmttb!'%  dreumferanoe  are  eallad  geogimpUe  or  nantJial 


/ 


S.  TkedenomlBattoB,  H^fn^  Is  eonfloed  exdiuively  to  Artronomy. 
S.  A  Atgne  has  no  fixed  Hneir  extent.    When  eppHed  to  any  drde  it  Is  alivmys  ||« 
pert  of  the  circnmferenee.    Bat,  strictly  speekini^,  It  to  not  eny  pert  of  e  eirde. 
4.  90"  nake  e  qnndant  or  rifhtaoi^ ;  ifP  nuke  n  aaxtsnt  or  |  of  e  oircle. 


Miscellaneous  Tables. 


S79. 

12anit8 
12  dozen 
12  gross 
20  units 

381. 


COUNTING. 

=  1  dozen  (doz.). 

=  1  gross  (gpo.). 

=  1  great  gross  (G.  gro.). 

=  I  score  (sc). 


380. 


PAPER. 


24  sheets 
20  quires 
2  reams 
6  bundles 


1  quire  (qre.). 
1  ream  (rm.). 
1  bundle  (bdl.). 
1  bale  (B.). 


BOOKS. 


The  terms  folio,  quarto,  octavo,  duodecimo,  etc.,  indicate  the 
number  of  leaves  into  which  a  sheet  of  paper  is  folded. 

A  sheet  folded  in   2  leaves  is  called  a  folio. 


S83. 


A  sheet  folded  in   4  leavrs 

tA 

a  quarto,  or  4to. 

A  sheet  folded  in   8  leaves 

<( 

an  octavo,  or  8va 

A  sheet  folded  in  12  leaves 

c< 

a  12mo. 

A  sheet  folded  in  16  leaves 

<4 

a  16mo. 

A  sheet  folded  in  18  leaves 

(C 

an  l8mo. 

A  sheet  folded  in  24  leaves 

(i 

a  24mo. 

A  sheet  folded  in  32  leaves 

ti 

a  32mo. 

COPYING. 

72  words  make  1  folio  or  sheet  of  common  law. 
^     ''        "1    "    ««     ««     "  chancer . 
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383.  A  Denominate  Fomber  is  a  number  composed  of  one  or 
more  units  of  any  denomination^  and  may  be  simple  or  corn- 
pound. 

3M.  A  Simple  Denominate  Fnmber  is  a  number  composed  of 
but  one  denomination,  as,  7  miles ;  6  hours ;  5  tons. 

385.  A  Compound  Denominate  Number  is  a  number  composed 
of  two  or  more  denominations  of  the  same  nature ;  as,  10  lb. 
6  oz. ;  6  yr.  3  mo. 

386.  A  Denominate  Fraction  is  a  concrete  fraction  whose 
integral  unit  is  one  of  a  denomination  of  some  compound  num- 
ber. Thus,  ^  of  a  day  is  a  denominate  fraction,  the  integral 
unit  being  one  day ;  so  are  f  of  a  bushel,  |  of  a  mile,  etc., 
denominate  fractions. 

387.  Most  of  the  tables  in  Denominate  Numbers,  except 
those  in  the  Metric  System,  are  based  on  varying  scales. 


Note.  — The  only  other  tables  that  are  not  hosed  on  a  Tarjrtng  teak  an  the  table  of 
counting  18  things  make  1  dosen,  18  doxen  1  gross,  18  gross  1  great  gross,  etc.,  based  on  the 
daodedmsl  seale ;  the  table  of  United  States  Curreney,  and  some  of  the  tables  of  Foretgn 
Cnrrency,  based  on  the  decimal  vesle. 

388.  Reduction  is  the  process  of  changing  a  number  from 
one  denomination  to  another  without  altering  its  value, 
deduction  is  of  two  kinds,  Descending  and  Ascending. 

389.  Reduction  Descending  is  changing  a  number  of  one 
denomination  to  a  lower  denomination  or  one  of  less  unit  vaiue; 
thus,  $  1  =  10  dimes  =  100  cents  =  1000  mills. 

390.  Redaction  Ascending  is  changing  a  number  of  one  denomi- 
nation to  a  higher  denomination  or  one  of  greater  unit  value; 
thus,  1000  mills  =  100  cents  =  10  dimes  =  91- 
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SEDUCTION  DB8CENDIN0. 

Examples. 

391.  To  reduce  a  compound  denominate  number  to  lower  denomi- 
nations* 

1.  Reduce  3  mi.  57  rd.  2  yd.  1  ft  8  in.  to  inches. 

OPBBATION. 

3  mi.  67  rd.  2  yd.  1  ft.  8  in. 
320  SoLUTioK. —  Since  in  1  mile  there  are  320  rd.,  in  3  miles 

1017  rd         **^®^  are  3  X  320  rd.  =  960  rd.,  and  the  67  rd.  in  the 
given  number  added,  =  1017  rd.  in  3  mi.  67  rd.    Since  in 

2l  1  rd.  there  are  6|  yd.,  in  1017  rd.  there  are  1017  x  5J  yd. 

503 L  =  6693^  yd.,  which  with  the  2  yd.  in  the  given  number 

5085  ~  6696^  yd.  in  3  mi.  67  rd.  2  yd.    Since  in  1  yd.  there 

are  3  ft.,  in  659&J  yd.  there  are  6595i  x  3  ft.  =  16786^  ft., 

5595 1  yd.      which  with  the  1  ft  in  the  given  number  =  16787^  ft.  in 

3  3  mi.  57  rd.  2  yd.  1  ft    And  since  in  1  ft.  there  are  12  in., 

in  16787  i  ft.  there  are  16787  i  x  12  in.  =  201460  in.,  which 

IbiSJ^  ft.        ^njj  ^^^  3  in  jn  ^Ijq  giyg^  numbers  201468  in.  in  the 

12  given  compound  number.    On  examining  the  operation. 


201458  in.^u«  we  find  that  we  have  successively  multiplied  by  the  num- 

*  bers  in  the  descending  scale  of  linear  measure  from  miles 
to  Inches,  inclusive.  As  either  factor  may  be  used  as  a  multiplicand,  we 
may  consider  the  numbers  in  the  descending  scale  as  multipliers. 

Rule. — I.  MuUiphj  the  highest  denomination  of  the  given 
compound  number  by  tJuU  number  of  the  scale  which  will  reduce 
U  to  the  next  lower  denomination,  and  add  to  the  product  the  given 
number,  if  any,  of  that  lower  denomination. 

II.  Proceed  in  the  same  manner  with  the  results  obtained  in 
each  lower  denomination,  uiUil  the  reduction  is  brought  to  the 
denomination  required. 

392.  All  the  numbers  in  the  metric  system  are  based  on  a 
uniform  scale  of  10, 100,  or  1000.  Hence  we  have  the  follow- 
ing principle  for  the  reduction  of  metric  denominations. 

Pbikcipls.  —  A  denomincUe  number  in  tJ^e  metric  system 
may  be  reduced  to  the  next  higher  or  lower  denomination  by  tlt/S 
removal  of  the  decimal  point  one  place  to  the  left  or  right  in 
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Tiieaaures  of  length,  capacity ,  and  weight;  two  places  to  tJie  left 
or  right  in  measures  of  surface,  and  three  pla^xs  to  the  left  or 
rigJU  in  measures  of  volume,  thus: 


5.626Km 

2.325«J" 
.632195«»« 


BBDUCTION   DESCENDING. 

66.26H«       =  662. 6D« 
232. 6"«  *«»      =  23250*4  «» 
632.196™  d«  =  632196«« 


=  6625«  =  66260>- 
=  2325000^™"* 
=  632l96000«»«»n» 


BEDUCTION   ASCENDING. 

66260*"  =  6626«  =  562.6»«n         =  66.25H«  =  6.626K" 

2326000*1 »«      =23250*>"»     =232.5«i<*"*      =    2.325  ""i™ 
632196000««"«  =  632196«»«»  =  632.196««dai  =      .632196««» 

Non.  —  When  niimbera  In  the  metric  system  are  reduced  to  like  denominations,  they 
may  be  added,  subtracted,  multiplied,  or  divided  like  any  other  whole  numbers  or  decimals, 

2.  How  many  grains  are  there  in  16  lb.  10  oz.  18  pwt 
6gr.? 

3.  How  many  farthings  are  there  in  £133  6^.  8d.  ? 

4.  Change  100  mi.  to  inches. 

5.  How  many  rods  of  fence  will  inclose  a  farm  1^  miles 
square  ? 

6.  The  gray  limestone  of  Central  New  York  weighs  175  lb. 
to  the  cubic  foot.  What  is  the  weight  of  a  block  8  ft,  long  and 
1  yd.  square  ? 

7.  What  will  be  the  cost  of  1  hogshead  of  molasses  at  1^.28 
per  gallon.  ? 

8.  Express  3.565  ■  in  centigrams. 

9.  A  man  wishes  to  ship  1548  bu.  1  pk.  of  potatoes  in 
barrels  containing  2  bu.  3  pk.  each.  How  many  barrels  must 
he  obtain  ? 

10.  A  grocer  bought  10  bushels  of  chestnuts  at  $3.75  a 
bushel,  and  retailed  them  at  $.06  J  a  pint.  What  was  his  whole 
gain? 

11.  Reduce  90**  17'  40"  to  seconds. 

12.  How  many  days  were  there  in  the  18th  century  ? 

13.  At  6^  cts.  each,  what  will  be  the  cost  of  a  great  gross  of 
writing  books  ? 

14.  Reduce  6  0.  14  f  S  3  f  3  45  "l  to  minims. 
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15.  How  large  an  edition  of  an  octavo  book  can  be  printed 
from  4  bales  4  bundles  1  ream  10  quires  of  paper,  allowing  8 
sheets  to  the  volume  ? 

16.  Suppose  your  age  to  be  18  yr.  24  da.  How  many 
minutes  old  are  you,  allowing  4  leap  years  to  have  occurred  in 
that  time  ? 

17.  How  many  pence  are  there  in  481  sovereigns  ? 

18.  Keduce  $7|  to  mills. 

19.  In  £6 108.  lOd.  how  many  dollars  United  States  currency 
are  there  ? 

20.  Which  is  the  cheaper  and  how  much,  to  buy  ribbon  at 
$.35  a  yard  or  at  $.40  a  meter  ? 

21.  How  many  dollars  Canada  currency  are  equal  to  £126 
12s,? 

22.  How  many  square  centimeters  are  there  in  a  lot  which 
is  50  ft  long  and  100  ft.  wide  ? 

23.  How  many  steps  of  2  ft.  9  in.  each  will  a  man  take  in 
walking  a  distance  of  95  miles  ? 

24.  How  many  decimeters  are  there  in  5  yards  ? 

25.  Express  .0037081  **  in  hectoliters ;  in  centiliters. 

26.  A  grocer  bought  12  barrels  of  cider  at  $1|  a  barrel, 
and  after  converting  it  into  vinegar,  he  retailed  it  at  6  cents 
a  quart     What  was  his  whole  gain  ? 

27.  In  75  A.  4  sq.  ch.  18  sq.  rd.  118  sq.  1.  how  many  square 
links  are  there  ? 

28.  How  many  inches  high  is  a  horse  that  measures  16 
hands  ? 

29.  If  a  vessel  sails  150  leagues  in  a  day,  how  many  statute 
miles  does  she  sail  ? 

30.  If  14  A.  are  sold  from  a  field  containing  50  A.,  how 
many  square  rods  will  the  remainder  contain  ? 

31.  A  man  returning  from  Pike's  Peak  has  36  lb.  8  oz.  of 
pure  gold;  what  is  its  value  at  ^pl.04^  per  pwt  ? 

32.  I  paid  f  360  for  2  tons  of  cheese,  and  retailed  it  for  30 
cents  a  kilogram.    What  was  my  whole  gain  ? 
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33.  A  man  having  8  hhd.  of  tobacco,  each  weighing  9  cwt. 
42  lb.,  wishes  to  put  it  into  boxes  containing  48  lb.  each.  How 
many  boxes  must  he  obtain  ? 

34.  Write  56.232  kilometers  as  meters ;  as  centimeters. 

35.  A  merchant  bought  12  barrels  of  salt  at  $1\  a  barrel, 
and  retailed  it  at  f  of  a  cent  a  poimd.  How  much  did  he 
gain  altogether  ? 

36.  A  physician  bought  1  lb  10  S  of  qiunine  at  $2.25  an 
ounce,  and  dealt  it  out  in  doses  of  10  gr.  at  9.12|^  a  dose. 
How  much  more  than  cost  did  he  receive  ? 

37.  Change  22350  sq.  kilometers  to  sq.  meters ;  to  acres. 

38.  How  many  cubic  centimeters  are  there  in  2534  cubic 
meters  ? 

393.  To  reduce  a  denominate  fraction  from  a  greater  to  a  less 
unit. 

1.  Reduce  ^^  of  a  gallon  to  the  fraction  of  a  gill. 

OPERATION.  Solution.  —  To  reduce  gallons  to 

I  4      2      4       8      .       Si^^t  we  multiply  successively  by  4, 2, 

— -  gal.  XyXTX-  =  —  gl.      and  4,  the  numbers  in  the  descending 

^  scale.    And  since  the  given  number  is 

-'■-'■  Ans.  a  fraction,  we  indicate  the  process,  as 

in  multiplication  of   fractions,   after 
which  we  perform  the  Indicated  operations,  and  obtain  ^j,  the  answer. 

Rule.  —  Multiply  the  fraction  of  the  higher  denomincUion  by 
the  numbers  in  the  descending  scale  successively,  between  the  given 
and  the  required  denomiiuUion. 

NoTK.  —  Cancellation  mfty  be  ftppliod  wherever  pncticable. 

2.  Reduce  ^  of  a  lb.  Troy  to  the  fraction  of  a  penny- 
weight. 

3.  Reduce  ^fj  of  a  hhd.  to  the  fraction  of  a  pint. 

4.  Reduce  ytVt  of  a  mile  to  the  fraction  of  a  yard. 
6.   Reduce  ^f^  of  a  gallon  to  the  fraction  of  a  gill. 

6.  What  part  of  a  dram  is  j^  of  |  of  f  of  ^^  of  3} 
pounds,  avoirdupois  weight  ? 

7.  Reduce  jj^^jg  of  a  dollar  to  the  fraction  of  a  cent. 
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8.  Reduce  :^  of  a  rod  to  the  fraction  of  a  link. 

9.  Bednce  Vr  ^^  ^  scruple  to  the  fraction  of  a  grain. 

10.  What  fraction  of  a  yard  is  f  of  y^  of  a  rod  ? 

11.  -^  of  a  week  is  J  of  how  many  days? 

12.  What  fraction  of  a  square  rod  is  y^^^  of  4^\  times  ^  of 
an  acre? 

394.  To  reduce  a  denoaiiaate  fraction  to  integers  of  lower 
denominations. 

1.  What  is  the  value  of  ^  of  a  bushel  ? 

OFKKA.TION.  SOLUTION. }  bU.  =  }   of  4  pk.,    OF 

*  of  4  pk.=   4  pk.  =  U  pk.      ^?  P^- '   I  pk  =  i  of  8  qt.  =  4|  qt.  ; 
Infflnf  ^nf  11  nf  «^d  *  qt-  =  i  of  2  pt.  =  If  pt       The 

I  ot  »  qt.  =  Y^qt.  =  4f  qt.      u^its,  1  pk.,  4  qt.,  1  pt.,  with  the  last 
^  of  2  pt.  =z  f  pt.  =  If  pt.      denominate  fraction,  f  pt.,  form  the 
1  pk.  4  qt  1|  pt  Ans.  answer. 

Rule.  —  I.  JfuUiply  the  fra-ction  by  that  number  in  the  scale 
which  unU  reduce  it  to  tlie  next  lower  denomination,  and  ifUie 
result  is  an  improper  fraction,  reduce  it  to  a  whole  or  mixed 
number. 

II.  Proceed  with  the  fractional  part,  if  any,  as  before,  unJtAl 
the  number  is  reduced  to  the  denominations  required. 

III.  Tike  units  of  the  several  denominations^  arranged  in  their 
order,  wiU  be  the  required  result. 

2.  Reduce  -^  of  a  yard  to  integers  of  lower  denominations. 
8.    Reduce  f  of  a  month  to  lower  denominations. 

4.  Reduce  |^  of  a  short  ton  to  lower  denominations. 

5.  What  is  the  value  of  ^  of  a  long  ton  ? 

6.  What  is  the  value  of  f  of  2\  pounds  apothecaries'  weight  ? 

7.  What  is  the  value  of  ^  of  an  acre  ? 

8.  Reduce  f  of  a  mile  to  integers  of  lower  denominations. 

9.  What  is  the  value  of  ^  of  a  great  gross  ? 

10.  What  is  the  value  in  geographic  miles  of  -^  of  a  great 
circle  ? 

11.  What  is  the  value  of  ^  of  3|  cords  of  wood  ? 
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12.  The  distance  between  A  and  B  is  1^  miles;  having 
traveled  f  of  this  distance  from  A^  how  much  further  must  I 
travel  to  reach  B  ? 

13.  What  is  the  value  of  ||  f  S  ? 

14.  What  is  the  value  of  ^  of  a  sign  ? 

16.  A  man  having  a  hogshead  of  molasses,  sold  ^  of  it 
How  much  remained  ? 

395.  To  reduce  a  denominate  decimal  to  integers  of  lower 
denominations. 

1.   Eeduce  .125  of  a  barrel  to  integers  of  lower  denomina- 
tions. 


OPERATION. 

.126 
31.5 


8.9375  gal. 
4 


a7500qt 
2 

1.50pt 
4 


Solution.  —  We  first  multiply  the 
given  decimal,  .126  of  a  barrel,  by  31.5 
to  redace  it  to  gallons,  and  obtain 
3. 0375  gallons.  Omitting  the  3  gallons, 
we  multiply  the  decimal,  .9375  gal., 
by  4  to  redace  it  to  quarts,  and  obtain 
3.75  quarts.  We  next  multiply  the 
decimal  part  of  this  result  by  2,  to 
redace  it  to  pints,  and  obtain  1.5  pints. 
The  decimal  part  of  this  result  we 
multiply  by  4  to  redace  it  to  gills,  and 
obtain  2  gills.  The  int^ers  of  the 
seyeral  denominations,  arranged  in 
their  order,  form  the  answer. 


2.0  gi. 
3  gal.  3  qt.  1  pt.  2  gi.  An8, 

Rule.  —  I.  Multiply  the  given  denominate  decimal  by  that 
number  in  the  descending  scale  which  will  reduce  it  to  the  next 
lower  denomination  and  point  off  the  result  as  in  multiplication 
of  decimals. 

II.  Proceed  with  the  decimal  part  of  the  product  in  the  same 
munner  until  reduced  to  tlie  required  denominations.  Hie  integers 
of  the  several  denominations  wiUform  tJie  answer  required. 

Reduce  to  lower  denominations : 

2.  .645  day.  5.   .875  hhd.  8.   .625  fath. 

3.  .765  lb.  Troy.  6.    £.85251.  9.   .8469^ 

4.  .6625  mi,  7.   .715^  10.   .375  yd. 
11.   How  many  centiliters  are  3.756  hectoliters  ? 


BEDUCTION  ASCENDING. 
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Examples. 

396.  To  reduce  a  compound   denominate  number  to  higher 
denominations. 

1.   Reduce  157540  minutes  to  weeks. 


OFBRATION. 

60)157540  min. 
24)2625  h.  +  40  min. 
7)109  da.  +  9  h. 
15  wk.  +  4  da. 
15  wk.  4  da.  9  h.  40  min.  Ans. 


Solution.  — Diyiding  the  given 
number  of  minutes  by  00,  because 
there  are  ^^  as  many  hours  as 
minutes,  we  obtain  2626  h.  plus  a 
remainder  of  40  min.  We  next 
divide  the  2625  h.  by  24,  because 
there  are  ^^  as  many  days  as 
hours,  and  we  find  that  2625  h. 


=  109  da.  plus  a  remainder  of  0  h. 
Lastly  we  divide  the  109  da.  by  7,  because  there  are  f  as  many  weeks  as 
days,  and  we  find  that  109  da.  =  15  wk.  plus  a  remainder  of  4  da. 

2.  Keduce  201458  inches  to  miles. 

OPERATION. 

12)201458  in. 
3)16788  ft.  2  in. 
Bi  or  5.5)5596  yd. 

40)  1017  rd.  2  yd.  1  ft  6  in. 
8)25  fur.  17  rd. 
3  mi.  1  fur. 
3  mi.  1  fur.  17  rd.  2  yd.  1  ft.  8  in.  Ans, 

6  in.    In  forming  our  final  result,  the  6  in. 
the  first  remainder,  2  in.,  making  8  in. 


SoLUTiO!f.  —  We  divide 
successively  by  the  num- 
bers in  the  ascending  scale 
of  linear  measure,  in  the 
same  manner  as  in  the  last 
example.  But,  in  dividing 
65960  yd.  hy  b\  eft  5.5,  we 
have  a  remainder  of  2^ 
yd.,  and  this  reduced  to  its 
equivalent  compound  num- 
ber (§  .394)  =  2  yd.  1  ft. 
of  this  number  is  added  to 


Rule.  —  I.  Divide  the  given  concrete  or  denominate  number  by 
tJuU  number  of  the  ascending  scale  which  will  reduce  it  to  the  next 
higher  denomination, 

II.  Divide  the  quotient  by  the  next  higher  number  in  the  scale; 
and  so  proceed  to  tlie  highest  denomination  required,  Tlie  last 
quotient^  with  tlie  several  remainders  annexed  in  a  reversed  order, 
wiU  be  the  answer. 

Note.  —  The  leTenl  eorresponding  eases  In  redaction  desoending  and  redoction  ascend- 
ing, bring  opposite,  natarally  proTe  each  other. 
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3.  Reduce  1913551  drams  to  tons. 

4.  In  97920  gr.  of  medicine  how  many  lb.  are  there? 

5.  Reduce  1000000  in.  to  mi. 

6.  How  many  acres  aie  there  in  a  field  120  rd.  long  and  56 
rd.  wide? 

7.  How  many  cords  are  there  in  a  pile  of  wood  CO  ft  long, 
15  ft  wide,  and  10  ft  high  ? 

8.  In  30876  gi.  how  many  hhd.  ai-e  there  ? 

9.  How  many  bushels  of  corn  are  27072  qt  ? 

10.  How  many  hectograms  are  there  in  565  grams. 

11.  In  1234567  far.  how  many  £  are  there  ? 

12.  Reduce  2468  pence  to  half  crowns. 

13.  In  84621  ^,  how  many  Cong,  are  there? 

14.  At  $4  a  hectoliter,  what  is  the  value  of  4  lit^s  of 
apples  ? 

15.  If  135  million  Spencerian  steel  pens  are  manufactured 
yearly,  how  many  great  gross  will  be  made  each  year  ? 

16.  Reduce  1020300"  to  S. 

17.  In  411405  seconds  how  many  days  are  there  ? 

18.  During  a  storm  at  sea,  a  ship  changed  her  latitude  412 
geographic  miles.  How  many  degrees  and  minutes  did  she 
change  ? 

19.  In  120  gross  how  many  score  are  there  ? 

20.  How  many  miles  are  there  in  the  semicircumference  of 
the  earth  ? 

21.  How  much  time  will  a  person  gain  in  36  yr.  by  rising 
45  min.  earlier,  and  retiring  25  min.  later,  every  day,  allowing 
for  9  leap  years  ? 

22.  If  I  walk  at  the  rate  of  264  feet  in  a  minute,  how  many 
miles  an  hour  do  I  walk  ? 

23.  How  many  acres  are  there  in  a  field  290  rd.  long  and 
96  rd.  wide  ? 

24.  How  many  steres  are  there  in  a  pile  of  wood  20"  long, 
5  "  wide,  and  3  "  high  ? 

25.  Express  7645  ^  as  a  decimal  of  a  hectoliter. 
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36.   How  many  steres  are  there  in  256  decisteres  ? 

27.  A  coal  dealer  bought  175  long  tons  of  coal  at  $3.75^ 
and  aold  it  at  $4.50  a  short  ton.    What  was  his  whole  gain  ? 

28.  An  Ohio  farmer  sold  a  load  of  corn  weighing  2912  Tb., 
and  a  load  of  wheat  weighing  2400  lb. ;  for  the  corn  he  received 
$.60  a  bushel,  and  for  the  wheat  $1.20  a  bushel.  How  much 
did  he  receive  for  both  loads  ? 

29.  Keduce  25  cubic  centimeters  to  cubic  inches. 

30.  An  English  grocer  sold  120  barrels  of  apples,  each  con- 
taining 2  bu.  2  pk.,  at  4«.  Zd.  a  bushel,  and  received  pay  in 
cloth  at  10s.  5d.  a  yard.  How  many  yards  of  cloth  did  he 
receive? 

opBHATiON.  Solution.  —  The  operation  in  this 

-1       1^  example  is  similar  to  the  preceding 

ion       o'ft       aft  examples,  except  that  we  divide  the 

1^  X  ^.^  ^  pp  __  -|^32  yd.  Ana.  ^^^  ^^  ^^^  apples  by  the  price  of  a 
J^^  unit  of  the  article  received  in  pay- 

ment, reduced  to  units  of  the  same 
denomination  as  the  price  of  a  unit 
article  sold.    Thus  is.  Id,  =  55d.,  the  cost  per  bushel,  and  120  bbl.  of  apples 
each  containing  2\  ba.  will  cost  120  x  2.6  x  65d.  10«.  bd, = \2bd.,  the  cost  of 

1  yd.;  hence  ^'^^  ^  ^'^  ^  ^  =  the  number  of  yards.    Ana.,  132. 

125 

31.  If  I  make  a  box  with  a  bottom  4  ft.  square,  how  high 
must  I  make  it  to  have  it  contain  160|^  cu.  ft.  ? 

32.  If  a  cistern  has  14|  sq.  ft.  on  the  bottom,  how  deep  must 
it  be  to  contain  940  cu.  ft.  ?  How  many  gallons  of  water  will 
it  contain  ? 

33.  A  tank  7^  ft.  by  5^  ft  by  12  ft.  will  contain  how  many 
barrels  of  kerosene  ? 

34.  How  many  bushels  of  wheat  are  there  in  a  freight  car 
32  ft  long,  8  ft  wide,  the  wheat  being  2  ft.  2  in.  deep  in  the  car  ? 

35.  A  man  bought  200  gallons  of  astral  oil  at  $.06  a  gallon, 
and  sold  it  at  |^.03  a  liter.     How  much  did  he  gain? 

36.  How  many  loads  of  earth  must  be  removed  to  grade 
down  a  street  1  ft.  G  in.,  the  street  being  ^  mi.  in  length  and 
20  ft  wide? 
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37.  IIow  many  loads  of  earth  will  be  required  to  raise  the 
grade  of  a  lot  2  ft.,  the  lot  being  55  ft.  by  135  ft.  ? 

38.  What  is  the  cost  of  20  yd.  2  ft.  6  in.  of  wire  at  6  cents 
per  yard  ? 

39.  What  is  the  difference  in  size  between  a  garden  contain- 
ing 6  sq.  rd.  and  one  which  is  6  rods  square  ? 

40.  A  barrel  contains  28  gal.  of  oysters ;  after  selling  8  gal. 
2  qt.  1  pt,  how  many  gallons  are  left  ? 

41.  In  a  pile  of  wood  60  ft  long,  20  ft  wide,  and  15  ft.  high, 
how  many  cords  are  there  ? 

42.  How  many  barrels,  each  containing  2  bu.  2  pk.,  will  be 
required  to  hold  81  bushels  of  apples  ? 

43.  At  the  rate  of  f  of  a  mile  per  minute,  how  far  will  a 
train  run  in  3  J  hours  ? 

44.  How  many  Troy  pounds  are  there  in  3730.373  kilo- 
grams? 

45.  What  part  of  a  square  yard  is  a  strip  of  cloth  20  in.  by 
15  in.? 

46.  If  a  load  of  wood  is  12  ft.  long  and  3  ft  wide,  how  high 
must  it  be  to  make  a  cord  ? 

47.  Mt.  Everest  is  29062  ft  high.     How  many  miles  high 
is  it? 

48.  A  pile  of  wood  9  ft.  long,  7^  ft  high,  and  5  ft  tliick, 
costs  $9.     What  is  the  price  per  cord  ? 

49.  Anthracite  coal  weighs  93.75  lb.  per  cubic  foot     How 
many  cubic  feet  do  2062.5  lb.  occupy  ? 

50.  How  much  will  it  cost  to  fill  a  bin  315  ft.  by  4.5  ft  by 
6.5  ft,  with  coal  40  cu.  ft.  to  the  ton,  at  $7.48  per  ton? 

51.  What  is  the  cost  of  17  meters  of  lace  at  8  cents  per 
decimeter? 

62.  A  bin  is  2  meters  by  2  meters  by  6  meters.    How  many 
hectoliters  of  wheat  will  it  contain  ? 

63.  How  many  steres  are  there  in  a  pile  of  wood  20"  long, 
1.25"^  wide,  and  4"  high? 

64.   How  many  cords  of  vfood  aie  VXiet^  m\^  ^\feiL^'s^1 
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397.  To  reduce  a  denominate  fraction  from  a  less  to  a  greater 
unit. 

1.  Beduce  ^  of  a  gill  to  tke  fraction  of  a  gallon. 

oPBRATiox.  Solution.  —  To  reduce  gills 

ft  X       1       1  ^  gallons,  we  divide  succes- 

^       ^  bers  in  the  ascending   scale. 

And  since  the  given  number  is  a  fraction,  we  indicate  the  process,  as 
in  division  of  fractions,  after  which  we  perform  the  indicated  operations, 
and  obtain  ^{,  the  answer. 

Bulk.  —  Divide  tlie  fraction  oftJie  lower  denomination  by  the 
numbers  in  the  ascending  scale  successively,  between  tJie  given  and 
the  required  denomination. 

KoTB. — Th«  opermtioa  may  frequently  be  shortened  by  canoeDAtion. 

2.  Beduce  {  of  a  shilling  to  the  fraction  of  a  pound. 

S.   Beduce  f  of  a  pennyweight  to  the  fraction  of  a  pound 
Troy  weight 

4.  What  part  of  a  ton  is  ^  of  a  pound  avoirdupois  weight  ? 

5.  What  fraction  of  an  hour  is  ^  of  20  seconds  ? 

6.  What  part  an  hour  is  f  of  28  minutes  ? 

7.  f  of  I  of  a  rod  is  what  part  of  a  mile  ? 

8.  Change  |  of  a  dozen  to  the  fraction  of  a  gross  ? 

9.  What  is  the  fractional  difference  between  ^J^j  of  a  hhd. 
and  I  of  a  pt  ? 

10.  J^  of  ^  of  ^  of  a  pint  is  what  fraction  of  2  pecks  ? 

11.  Beduce  f  of  ^  of  -^^  of  J  of  a  cord  foot  to  the  fraction 
of  a  cord. 

12.  What  part  of  an  acre  is  ^  of  -j^  of  9  J^  square  rods  ? 

13.  J  of  5^  furlongs  is  ^  of  ^y  of  how  many  miles? 

14.  A  block  of  gi'anite  containing  }  of  ^  of  20|^  cubic  feet,  is 
what  fraction  of  a  perch  ? 

15.  What  part  of  a  cord  of  wood  is  a  pile  H  ft.  long,  2  ft. 
high,  and  3\  feet  wide  ? 

je,  Beduce  f  of  an  inch  to  the  fraction  ol  ^a'SiXi^v^  ^* 


222  DSNOMINATB  NUMBERS. 

388.  To  reduce  a  compound  denominate  number  to  a  fraction  of 
a  higher  denomination. 

1.  Kediice  2  oz.,  12  pwt  12  gr.  to  the  fraction  of  a  pound 
Troy. 

opxRATiox  Solution,  —  To  find  what 

2  02.  12  pwt  12  gr.  =  1260  gr.  Pf*  ""?  «»^P<>»nd  number  to 

1  lu  m             c»-fiA  ^'  another,  they  must  be  hke 

1  lb.  Troy  =  6<60  gr.  numbers  and  reduced  to  the 

^ii  ^^*  =  "sV  ^^-  -^^^^^        ^™®  deuommation.     In  2  oz. 

12  pwt.  12  gr.  there  are  1260 
gr.,  and  in  1  lb.  there  are  5760  gr.  Therefore  1  gr.  is  ^^^  lb.,  and  1260 
gr.arelfjjlb.  =T^jlb. 

Rule.  —  Reduce  tlie  given  number  to  its  loicest  denomination 
for  the  numeratOTf  and  a  unit  of  the  required  denomination  to  the 
same  denomination  for  the  denominajtor  oftlie  required  fractUm, 

NoTB.  —  If  the  given  number  conUins  a  fraction,  the  denominator  of  thia  fVactioa  must 
be  regarded  as  the  lowest  denomination. 

2.  Reduce  60  sq.  rd.  to  the  fraction  of  an  acre. 

3.  What  part  of  a  mile  is  6  fur.  26  rd.  3  yd.  2  ft.  ? 

4.  What  part  of  a  £  is  18«.  5d  2^  far.  ? 

6.  What  part  of  21  lb.  apothecaries'  weight  is  7  5  73  23 
14  gr.  ? 

6.  What  pai't  of  3  weeks  is  4  da.  16  h.  30  min.  ? 

7.  Reduce  1|  pecks  to  the  fraction  of  a  bushel. 

8.  From  a  hogshead  of  molasses  28  gal.  2  qt.  were  drawn. 
What  part  of  the  whole  remained  in  the  hogshead  ? 

9.  Reduce  4  bundles  6  quires  16  sheets  of  paper  to  the 
fraction  of  a  bale. 

10.  What  part  of  64  cords  of  wood  is  4800  cubic  feet  ? 

11.  What  is  the  value  of  TfJ  of  a  dollar  ? 

l|f 

12.  Reduce  3  0.  3  f  5  1  f  3  36  n^  to  the  fraction  of  a  Cong. 

13.  What  part  of  a  ton  of  hewn  timber  is  36  cu.  ft.  864  cu. 
in.? 

14.  Reduce  1  month  3  days  5  hours  15  minutes  to  a  fraction 
of  a  year. 
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399.  To  reduce  a  componnd  denominate  number  to  a  decimal  of 
a  higher  denomination. 

1.   Reduce  3  cd.  ft.  8  cu.  ft  to  the  decimal  of  a  cord. 

oPERATioiv.  Solution. — We  reduce  the 


16 
8 


8  0        cu  ft.  ^  ^^*  ^^'  ^  ^^  decimal  of  a  cd. 

ft,  by  annexing  a  cipher,  and 


3.5000  cd.  ft.  dividing  by  16,  the  number  of 


.4375  Cd.  Ans.  «»•  *V  '"  *  ?**•  "* '  **",T  T 

^  nex  the  decimal  quotient  to  the 

^^>  3  cd.  ft.     We  now  reduce  the 

3  cd.  ft  8  cu.  ft  =  56  CU.  ft  3.5  cd.  ft.  to  Cd.  or  a  decimal 

1  Cd.       =  128  CU.  ft  of  a  Cd.,  by  dividing  by  8,  the 

iVff  Cd.  =  A  Cd.  =  .4375  Cd.  Ans,    number  of  cd.  f t.  m  1  Cd.,  and 

we  have  .4375  Cd.,  the  answer. 
Or,  we  may  reduce  the  3  cd.  ft.  8  cu.  ft.  to  the  fraction  of  a  Cd.  (as 
in  §  308),  and  we  shall  have  ^/^  Cd.  =  ^  Cd.,  which  reduced  to  its 
equivalent  decimal,  equals  .4375  Cd.,  the  same  as  before. 

Bulk.  —  Divide  the  lowest  denomination  given,  by  that  mimber 
in  the  scale  which  will  reduce  it  to  the  next  higJier  denomination^ 
and  annex  the  quotient  a^  a  decimal  to  that  higher  denomination. 
Proceed  in  the  same  ^manner  until  the  whole  is  reduced  to  the  de- 
nomination required.     Or, 

Reduce  the  given  number  to  a  fraction  of  tlie  required  denomi- 
nation^  arid  reduce  this  fraction  to  a  decimcU. 

2.  Reduce  5  da.  9  h.  46  min.  48  sec.  to  the  decimal  of  a 
week. 

3.  Reduce  3°  27'  46.44"  to  the  decimal  of  a  sign. 

4.  What  part  of  4  oz.  is  2  oz.  16  pwt.  19.2  gr.  ? 

6.   What  part  of  a  furlong  is  28  rd.  2  yd.  1  ft  11.04  in.  ? 

6.  Reduce  3}^  S  to  the  decimal  of  a  pound. 

7.  Reduce  126  A.  4  sq.  ch.  12  sq.  rd.  to  the  decimal  of  a 
township. 

8.  What  part  of  a  fathom  is  3|  ft  ? 

9.  What  part  of  1 J  bushels  is  .45  of  a  peck  ? 

10.  Reduce  f  of  ^  of  22|  lb.  to  the  decimal  of  a  short  ton. 

11.  What  part  of  a  f  5  is  5  f3  36  "l  ? 

12.  Reduce  50  gal.  3  qt  1  pt  to  the  decimal  of  a  tun. 

13.  Express  2015  hectoliters  in  deciliters. 
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ADDITION. 

400.  Compound  denominate  numbers  are  added,  subtracted, 
multiplied,  and  divided  by  methods  based  on  the  same  orin- 
ciples  as  simple  numbers;  and  the  only  modification  of  the 
operations  and  rules  is  that  required  for  borrowing,  carrying, 
and  reducing  by  a  varying  instead  of  a  uniform  scale. 

Examples. 

401.  To  add  componnd  denominate  numbers. 

1.  What  is  the  sum  of  50  hhd.  32  gal.  3  qt.  1  pt;  2  hhd. 
19  gaL  1  pt. ;  15  hhd.  46^  gal. ;  and  9  hhd.  39  gal.  2^  qt. 

SoLUTioK.  —  Writing  the  numbers  so  that  units  of 
the  same  denomination  stand  in  the  same  column,  we 
add  the  numbers  of  the  right  hand  or  lowest  denomi- 
nation, and  find  the  amount  to  be  3  pinto,  which  is 
equal  to  1  qt.  1  pt.  We  vrrite  the  1  pt.  under  the 
column  of  pints,  and  add  the  1  qt  to  the  column  of 
quarts.  The  amount  of  the  numbers  of  the  next 
78     11     3     1       higher  denomination  is  7  qt.,  which  is  equal  to  1  gaL 

3  qt.  We  write  the  3  qt.  under  the  column  of  quarts, 
and  add  the  1  gal.  to  the  column  of  gallons.  Adding  the  gallons,  we  find 
the  amount  to  be  137  gal.,  equal  to  2  hhd.  11  gal.  Writing  the  11  gal. 
under  the  gallons  in  the  given  numbers,  we  add  the  2  hhd.  to  the  column 
of  hogsheads.  Adding  the  hogsheads,  we  find  the  amount  to  be  78  hhd., 
which  we  write  under  the  left-hand  denomination,  as  in  simple  numbers. 

2.   What  is  the  sum  of  ^jf  wk.,  f  da.,  and  |  h.  ? 

OPERATION.  Solution.  — We  first 

.  find  the  value  of  each 

T^  wk.  =  4  da.  21  h.  36  min,  fraction  in  integers   of 

1^  da.   =  14  "  24     "  lower   denominations 

i  h.     =  22     «     30  sec.  (§  3M),  and  then  add 

_ the  results. 

5         12       22  30  Ans,  Or,      Or,  we  may  reduce  the 

given  fractions  to  frac- 
f    da  X  I  =  T^  wk. ;  tions  of   the   same  de- 

f    h.  X  ^  X  I  =  :fiY  wk. ;  nomination    (§   393    or 

A  wk.  -f  /y  wk.  +  Aj  wk.  =i|U  wk.    ^^^)'   ^^^^l,***^  ,^^, 
T9  «   if5  •   ¥4  8  __85  8      i.       ^^^d  find  the    value  of 

fft  ^^'  5    their  sum  in  lower  de- 

Ifl  wk.  =  5  da.  12  h.  22  min.  30  sec.  Ans,  nominations. 


hhd. 

60 

32 

qt. 

3 

pt. 
1 

2 

19 

0 

1 

15 

46 

1 

0 

9 

39 

2 

1 
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Rule.  —  ^'  If  <*»y  of  Hie  nunibers  are  denoniiuate  fractionsy  or 
if  any  of  the  denominations  are  mixed  numbersj  reduce  tJie  frac- 
tions to  integers  of  lower  denominations. 

XL  Write  the  numbers  so  that  tliose  of  the  sam£  unit  value 
stand  in  the  same  column, 

HI.  Beginning  at  tJie  right  lutndy  add  each  denomination  as  in 
simple  numbers,  carrying  to  eoich  succeeding  denomination  one  for 
as  many  units  as  it  takes  of  the  denomination  added,  to  make  one 
of  the  next  higher  denomination. 

KoTB.  — The  popQ  cannot  Ikil  to  eee  that  the  principles  involved  in  adding  compound 
nomben  are  the  eame  as  those  in  addition  or  aimple  numbers ;  and  that  the  only  difference 
eonaista  in  the  different  carrying  units. 

3.  4. 


lb.   oz. 

pwt. 

gr. 

tt>. 

S  3 

3 

gr- 

14  6 

12 

13 

10 

8  5 

1 

8 

17  6 

3 

12 

7 

7  6 

2 

13 

16 

9 

16 

6  : 

11  7 

2  7 

15 

20 

21  : 

10 

16 

13  2 

1 

19 

12 

1  2 

2 

3 

4  1 

5 

21 

7 

1 

19 

( 

S. 

6. 

Air,  rd. 

ft. 

In. 

A. 

t»\.  nl.  1 

sq.  yd. 

sq.ft. 

7  26 

11 

9 

140 

137 

27 

6 

4  16 

7 

11 

320 

70 

14 

2 

36 

14 

3 

111 

3 

1   9 

2 

8 

214 

95 

22 

7 

6 

10 

1 

100 

120 

6 

1 

6   2 

5 

25 

76 

8 

1  15 

13 

10 

104 

89 

1 

4 

7.  Add  1  T.  17  cwt.  8  lb.,  5  cwt.  29  lb.  8  oz.,  1  cwt.  42  lb. 
6  oz.,  and  17  lb.  8  oz. 

8.  Add  6  yd.  2  ft,  3  yd.  1  ft.  8  in.,  1  ft.  lOJ  in.,  2  yd.  2  ft. 
6^  in.,  2  ft.  7  in.,  and  2  yd.  6  in. 

9.  Add  4  Cd.  7  cd.  ft,  2  Cd.  2  cd.  ft  12  cu.  ft,  6  cd.  ft  lo 
cu.  ft.,  5  Cd.  3  cd.  ft  8  cu.  ft,  and  2  Cd.  1  cu.  ft. 

10.   Find  the  sum  of  12.65-  2000™",  3.456«",  and  IS*^". 

ROB,  NEW  HIGHER  AR.  —  15 
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11.  What  is  the  sum  of  1|  hhd.  42  gal.  3  qt.  IJ  pt.,  |  gaL 
2  qt.  J  pt.,  and  1.75  pt  ? 

12.  What  is  the  sum  of  145J  A.,  7  A.  109J  sq.  rd.,  1  A.  136.5 
sq.  rd.,  and  f  A.  ? 

13.  What  is  the  sum  of  31  bu.  2  pk.,  10}  bu.,  5  bu.  6^  qt, 
14  bu.  2.75  pk.,  and  |  pk. 

14.  Add  54.ff,  2340*^*,  and  519«». 

15.  Add  3  ft.  5  in.,  2  yd.  1  ft  1  in.,  and  6  yd.  8  in. 

16.  Add  42  yr.  7^  mo.,  10  yr.  3  wk.  5  da.,  9|  mo.  1  wk.  16  h. 
40  min.,  f  mo.  3|  da. 

17.  Add  3  S.  22''  50',  24^  36'  25.7",  17'  18.2",  1  S.  3*  12' 
15.5",  12^  36'  17.8",  and  57.3". 

18.  Find  the  sum  of  25">",  3560'««,  248'«'^,  20000"«"»,  and 
234781 to 

19.  How  many  units  are  1^  gross  7^  doz.,  3  gross  If  doz., 
f  of  a  great  gross,  6\  doz.,  and  4  doz.  7  units  ? 

20.  If  I  buy  the  N.  E.  \  and  the  E.  |  of  N.  W.  ^  of  a  section 
of  land,  how  many  acres  do  I  purchase  ?  How  are  the  parts 
located  in  respect  to  each  other  ? 

21.  Add  3|  yd.,  5  ft  6  in.,  and  1^  yd. 

22.  AVhat  is  the  sum  of  31b  5  S  43  2  3  17  gr.,  21b  53 
12gr.,4S  23  13  16  gr.? 

23.  A  New  York  farmer  received  9 .60  a  bushel  for  4  loads 
of  corn ;  the  first  contained  42.4  bu.,  the  second  2866  lb.,  the 
third  36J  bu.,  and  the  fourth  39  bu.  29  lb.  How  much  did  he 
receive  for  the  whole  ? 

24.  Three  loads  of  hay  were  bought  at  $  8  per  ton.  The  first 
weighed  1.125  T.,  the  second  1|  T.,  and  the  third  2500  pounds; 
how  much  did  the  whole  cost  ? 

25.  What  is  the  distance  in  kilometers  around  a  lot  which 
is  100  ft.  long  and  50  ft  wide  ? 

26.  A  man  in  digging  a  cellar  removed  140f  cu.  yd.  of  earth, 
in  digging  a  cistern  24.875  cu.  yd.,  and  in  digging  a  drain  46 
cu.  yd.  20 J^  cu.  ft.  What  was  the  amount  of  earth  removed, 
and  what  was  the  cost  at  18^  a  cu.  yd.  ? 
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SUBTRACTION. 
Examples. 

402.   To  subtract  compound  denominate  numbers. 

1.  From  18  lb.  6  oz.  4  pwt.  14  gr.  take  10  lb.  6  oz.  10  pwt. 

8gr. 

opBRATioir.  Solution.  —  Writing  the  Bubtrahend  under  the 

lb.         ox.      pwt.       gr.    minuend,  placing  units  of  the  same  denomination 
18         5  4       14    under  each  other,  we  subtract  8  gr.  from  14  gr. 

10         6       10         8    ^°^  write  the   remainder,  6  gr.,   underneath. 

Since  we  cannot  subtract  10  pwt.  from  4  pwt., 

7       10       14         6    ^e  add  1  oz.  or  20  pwt.  to  the  4  pwt.,  subtract 

Alts.  10  pwt.  from  the  sum,  and  write  the  remainder, 
14  pwt.,  underneath.  Having  added  20  pwt.  or  1  oz.  to  the  6  oz.  in  the 
Bubtrahend,  we  find  that  we  cannot  subtract  the  sum,  7  oz.,  from  the  5 
OK.  in  the  minuend ;  we  therefore  add  1  lb.  or  12  oz.  to  the  5  oz.,  subtract 
7  OK.  from  the  sum,  and  write  the  remainder,  10  oz.,  imderneath.  Adding 
12  oz.  or  1  lb.  to  the  10  lb.  in  the  subtrahend,  we  subtract  the  sum,  11  lb., 
from  the  18  lb.  in  the  minuend,  as  in  simple  numbers,  and  write  the 
remainder,  7  lb.,  underneath. 

2.  From  12  bbl.  15  gal.  3  qt.  take  7  bbl.  18  gal.  1  qt. 


SoLCTxoir.  —  Proceeding  as  in  the  last  opera- 
tion, we  obtain  a  remainder  of  4  bbl.  28^  gal.  2 
qt.  But  i  gal.  =  2  qt.,  which  added  to  the  2  qt. 
in  the  remainder  =  1  gal.,  and  this  added  to  the 
28  gal.  =  29  gal. ;  and  the  answer  is  4  bbl.  29  gal. 


OPERATION. 

bbl. 

12 

6»1.              qt. 

15          3 

7 

18          1 

4 

28^        2 

29  Ans, 


3.   From  }  of  a  rod  subtract  |  of  a  yard. 

OPERATION.  Solution.  —  We  first  find 

I  rd.  =4  yd.  0  ft.  ^  in.  *^o  v»^^e  o^  ®*c^  fi-action  in 

ij   o  u   *i     u  integers  of  lower  denomina- 

y         I t tions  (§  304),  and  then  sub- 

3         1        1^   A7i8»  tract  the  less  value  from  the 

greater.    Or,  we  may  reduce 

^^f  the  given  fractions  io  frac- 

1        iij         4         ««j  tions  of  the  same  denomina- 

4  J^'  ^  ^X  ~     ^      ^  TT  ~  T2  ^*  >  tion,  subtract  the  less  value 

*^             9      J  ^"^^  ^^®  greater,  and  find 

f  rd.  —  T^  rd.  =  J^  rd. ;  ^e  value  of  the  remainder 

}|  rd.  =  3  yd.  1  ft  IJ^  in.   Ana,  in  integers  of  lower  denomi- 

nations. 
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'Rule.  —  I.  ^  any  of  tfic  numfiera  ore  rlenom trtote  fraction*, 
or  if  any  of  the  denominations  are  mixed  numbers,  reduce  llu 
fractions  to  integers  of  lower  denotmnations. 

II.  Write  tlte  saibtraJiend  under  tUe  minuend,  ao  that  units  of 
tJte  ^aaae  deneminalion  stand  und.fr  each  other. 

III.  Beginning  ai  t/ie  riglu  Itand,  sahtract  eacli  denominatioit 
eeparatety,  as  in  airtiple  nunAers. 

IV.  If  the  number  of  any  denomination  in  the  subtrahend  ex- 
ceeds tttat  of  the  same  denomination  in  the  minuend,  add  to  the 
niMn&er  i»  the  minuend  as  many  units  as  make  one  of  the  nesi 
kiglier  denomination,  and  (ftem  subtract;  in  this  ease  add  1  to  the 
next  higlter  denomination  of  the  subtrahend  before  siibtraaing,  or 
subtract  1  from  the  neM  .higher  denomination  of  Ute  minuend. 
Proceed  m  (/te  sa^ne  manner  tmtli  each  denomination. 


ml.     -rur.     fd. 

ft. 

In. 

ji.  .j-ri.  M.J* 

From  175    3    27 

11 

4 

330    3    2&4 

Take    59    6    10 

12 

9 

150    2    31.86 

6. 

T. 

bhd.     gJ.       ql. 

jr. 

mn.  wk.  da.          h. 

From    5   .36    3^ 

45 

13      0    l-J 

Take    2    46    IJ 

10 

9    1     22      6.8 

8.  Subtract  15  rd.  10  ft  3\  in.  from  26  rd.  11  ft.  3  in. 

9.  From  1  T.  U  cwt.  30  lb.-6oz,  take  18  cwt  45  lb. 

10.  Subtract  .669  wk,  from  2  wk.  3J  da. 

11.  From  m  hhd.  take  .90625  gal. 
■12.   From  f  of  3|  A.  take  3  sq.  rd. 

13.  Subtract  ^  lb.  Troy  from  10  lb.  8  oz.  8  pwt. 

14.  From  a  pile  of  wood  containing  36  Cd.  4  cd.  ft.  there  was 
sold  10  Cd.  6  cd.  ft.  12  cu.  ft.     How  much  remained  ? 

15.  From  5J  bbl.  take  f  of  a  hogshead. 

16.  Subtract  3|J  of  a  day  from  |  of  a  week. 

17.  From  f  of  a  gross  subtract  ^  of  a  dozen. 
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18.  From  ^  of  a  mile  take  f}  ef  a  red. 

19.  Subtract  2  A.  3  sq.  rd.  5,'^6  sq.  yd.  from  5  A.  1  sq.  rd. 
24.24  sq.  yd. 

20.  If  a  speculator  buys  the  N.  half  of  a  section  of  land  and 
sells  at  one  time  the  N.W.  ^  of  N.W.  \j  at  another  time  the 
N.E.  ^  of  N.W.  \,  and  at  another  time  the  N.E.|  of  N.E.  \, 
how  many  acres  will  he  have  ?  Draw  a  diagram  showing  their 
location. 

31.   Subtract  .0626  ba.  from  |  pk. 

22.  From  the  sum  of  f  of  365^  days  and  f  of  5f  weeks  take 
49  j^  minutes. 

23.  From  the  sum  of  ^  of  3|  mi.  and  17|  rd.  take  5^  fur. 

24.  Fsom  a  piece  of  cloth  containing  36.57  meters,  12  yards 
were  cut;  how  many  yards  remained?  How  many  meters 
remained  ? 

25.  From  15  bbl.  3.26  gal.  take  14  bbl.  24  gal.  3.54  qt 

26.  A  farmer  in  Ohio  having  200  bu.  of  barley,  sold  3  loads, 
the  first  weighing  1457  lb.,  the  second  1578  lb.,  and  the  third 
1420  lb.     How  many  bushels  had  he  left  ? 

27.  From  25.8**  take  326',     How  much  remains  ? 

28.  Of  a  farm  containing  200  acres  two  lots  were  reserved, 
one  containing  50  A.  136.4  sq.  rd.,  and  the  other  48  A.  123.3  sq. 
rd. ;  the  remainder  was  sold  at  $35  per  acre.  How  much  was 
received  for  it  ? 

29.  An  excavation  58  ft  long,  37  ft.  wide,  and  6  ft.  deep  is 
to  be  made  for  a  cellar.  After  471  cu.  yd.  16  cu.  ft.  972  cu.  in. 
of  earth  have  been  removed,  how  much  still  remains  to  be 
taken  out  ? 

30.  From  a  piece  of  cloth  containing  45.75"*  a  tailor  cut  at 
diflFerent  times  5  suits  of  clothes,  each  containing  7.5™.  How 
much  remained? 

31.  From  the  sum  of  |  lb.,  4|  oz.,  and  31^  pwt,  take  the 
difference  between  f  oz.  and  |  pwt. 

32.  From  the  sum  of  5,^  A.,  |  of  6^  A,  and  ^  of  2^  sq. 
rd.,  take  4  A.  25  sq.  rd.  12  sq.  yd. 
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OPERATION. 

y. 

mo.   da.   h. 

1895 

2  22  10 

1887 

6  16  16 

7    8      6     19  Ana. 


403.   To  find  the  difference  in  dates. 

1.  How  many  years,  months,  days,  and  hours  is  it  from  3 
o'clock  P.M.  of  June  15,  1887,  to  10  o'clock  a.m.  of  Feb.  22, 
1895? 

Solution.  —  Since  the  later  of  two  date8 
always  expresses  the  greater  period  of  time, 
we  write  the  later  date  for  a  minuend  and 
the  earlier  date  for  a  subtrahend,  placing  the 
denominations  in  the  order  of  the  descend- 
ing scale  from  left  to  right.     10  o^clock  a.m., 
Feb.  22,  1895,  is  equivalent  to  1895  yr.  2 
mo.  22  da.  10  h.,  and  3  p.m.,  June  15,  1887  =  1887  yr.  6  mo.  15  da.  and 
12  +  3  or  15  h.     We  then  subtract  by  the  rule  for  subtraction  of  com- 
pound numbers. 

Rule.  —  Write  the  later  date  as  a  mintiend  and  the  earlier 
dale  as  a  subtraJiend,  and  subtract. 

When  the  exact  number  of  days  is  required  for  any  period  not 
exceeding  one  ordinary  year,  it  may  be  readily  found  by  the 
following  table. 

TABLE. 

Showing  the  number  of  days  from  any  day  of  one  month  to  the  same  day  of 

any  other  month  within  one  year. 


From  Ant 

To  THE  Samk  Day  or  xox  Nbxt 

Day  of 

Jan. 
365 

Feb. 
31 

Mar. 
59 

Apr. 
90 

Mny 
120 

June 
151 

July 
181 

Aug. 
212 

Sept. 
243 

Oct 
273 

Nov. 
304 

Dec 

January  .  .  . 

334 

February  .  . 

334 

365 

28 

59 

89 

120 

150 

181 

212 

242 

273 

SOS 

March  .... 

306 

337 

365 

81 

61 

92 

122 

153 

184 

214 

245 

275 

April 

275 

306 

335 

365 

30 

61 

91 

122 

153 

183 

214 

244 

May 

245 

276 

304 

335 

365 

31 

61 

92 

123 

153 

184 

214 

June 

214 

245 

273 

304 

334 

365 

30 

61 

92 

122 

153 

183 

July 

184 

215 

243 

274 

304 

335 

365 

31 

62 

92 

123 

153 

August.  .  .  . 

153 

184 

212  243 

273 

304 

334 

365 

31 

61 

92 

122 

September.  . 

122 

153 

181 

212 

242 

273 

303 

334 

365 

80 

61 

91 

October  .  .  . 

92 

123 

151 

182 

212 

243 

273 

301 

335 

365 

31 

61 

November  .  . 

61 

92 

120 

151 

181 

212 

242 

273 

304 

384 

365 

30 

December  .  .  / 

»,j 

62 

90 

121 

U5\ 

\m, 

Wvi 

W\^ 

vrw 

Uj;a 

Ua^ 

l365 
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If  the  days  of  the  different  months  are  not  the  same,  the  number  of 
days  of  difference  should  be  added  when  the  earlier  day  belongs  to  the 
month  from  which  we  reckon,  and  subtrcicted  when  it  belongs  to  the 
month  to  which  we  find  the  time.  If  the  29th  of  February  is  to  be 
included  in  the  time  computed,  one  day  must  be  added  to  the  result. 

2.  The  American  Revolutionary  War  began  April  19, 1776, 
and  peace  was  restored  Jan.  20, 1783 ;  how  long  did  the  war 
continue  ? 

3.  How  much  time  has  elapsed  since  the  Declaration  of 
Independence  of  the  United  States  ? 

4.  The  Pilgrims  landed  at  Plymouth  Dec.  22,  1620,  and 
Creneral  Washington  was  bom  Feb.  22,  1732;  what  was  the 
difference  in  time  between  these  two  events  ? 

6.  The  first  settlement  made  in  the  United  States  was  at 
Jamestown,  Va.,  May  23, 1607 ;  how  many  years  was  it  from 
that  time  to  July  4, 1896  ? 

6.  How  many  days  is  it  from  the  6th  of  November  to  the 
16th  of  the  following  January  ? 

7.  How  many  days  is  it,  in  leap  year,  from  the  20th  of 
August  to  the  16th  of  the  following  June  ? 

8.  What  length  of  time  elapsed  from  the  death  of  Henry 
Wadsworth  Longfellow,  March  24,  1882,  to  that  of  James 
Russell  Lowell,  Aug.  12, 1891  ? 

9.  How  long  has  a  note  to  run,  dated  Jan.  30, 1893,  and 
made  payable  June  3, 1896  ? 

10.  How  long  was  it  from  the  battle  of  Bunker  Hill,  June 
17, 1776,  to  the  battle  of  Waterloo,  June  18, 1816  ? 

11.  How  many  years,  months,  and  days  is  it  from  your  birth- 
day to  this  date  ? 

12.  What  length  of  time  elapsed  from  16  minutes  past  10 
o'clock,  A.M.,  July  4, 1890,  to  22  minutes  before  8  o'clock,  p.m., 
Dec.  12, 1894  ? 

13.  What  length  of  time  will  elapse  from  3.46  p.m.  of  Feb. 
22, 1896,  to  the  end  of  the  nineteenth  century  ? 

14.  How  many  days  is  it  from  the  4th  of  September,  1896,  to 
the  27th  of  May  following  ? 
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404.  To  multiply  compound  denominate  nunbera. 
1.   Multiply  6  mi.  4  fur.  18  rd.  15  ft  by  6. 

oFKKATioir.  SoLtmoN.  —  Writing    the    mnltipller 

5  mi.  4  fur.  18  td.  IS  ft.        nnder  the  lowest  denominatiiHi  of  the 

g  multiplicand,  ■we  multipl;  each  de&oio- 

— ■- — —  Ination  in  the  multiplicand  separately,  io 

33  2  ^  7^^  Ans.  order,  from  lowest  lo  highest,  as  in  simple 
numbera,  and  carry  from  lower  denominations  to  higher,  according  lo  the 
BKendIng  scale  o(  the  multiplicand,  as  in  addition  of  compound  numberH. 
Thus,  6  X  15  ft  =  SO  ft.,  or  6  rd.  and  7^  ft ;  Q  x  IBrd.  +  6rd.  =  113rd. 
=  2  fur.  and  33  rd. ;  6  x  4  fur.  +  2  tar.  =  20  fur.  =  3  ml.  and  2  f or. ;  S  x  6 
mi.  +  8  ui.  =  33  mi.    Ant.  33  mi.  2  fur.  33  rd.  7^  ft. 

Bulb.  —  Wrile  the  mtdtiplter  under  ihe  btwesl  denominalton 
of  the  muUiplicaiid.  Midtipiy  as  in  simple  numbers,  and  carry 
as  in  addition  of  compound  nuinbers. 

Nom.  — 1.  When  Ihs  niulU|iller  ts  lariiB.  ud  <■■  fimpiuiitm  nnmbar,  itb  aaj  tbort« 


I.  irai 


I.  The  iniiltl|>1>c*tlan  of  ■  deDamlnito  ftKtfain  b  (lie  mMt  rtaaHj  fxTtWrned  bjr  I W 


As  the  work  of  multiplyiii^  by  lai^  prime  numbera  1b  somewhat  tedious, 
the  following  method  may  often  be  so  madiGed  and  adapted  as  to  greatly 
shorten  the  operation. 

2.  How  many  bushels  of  grain  are  there  in  47  bags,  eEich 
containing  2  bu.  1  pk.  4  qt  ? 

riKST  OPERATION.  SonmojT.  —  Multiplying  the  con- 

47  =  ^5  X  9^  +  2  tents  of  1  bag  by  5,  and  the  resolt- 

9h>i    1  nk   4nf  ^  product  by   0,   we    ha^e    Uie 

ii  uu.  »  pn..  ^  (it.  contents  of  45  bi^,  which  is  the 

composite  number  nrxt  text  than 


11  blL  3  pk.  4  qt.  in    S  bags.       thegiren  prime  number,  47.    Next, 
9  moltiidying  tlie  contents  of  1  bag 

106  bu.  3  pk.  4  qt  in  46  bagi     I'  '•  "?  ?""  "'«  "l"'"  °'  ' 
.    .,    n    _  „     <i    ,.  bags,  which,  added  lo  the  contents 

of  46  bags,  gives  na  the  contents  of 


111  bu.  2  pk.  4  qt.  "  47   "  Ans.  45  +  2  = 
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BKCOWU  OPERATIOir. 

47=(6x8)-l. 

2  bu.  1  pk.  4  qt.  Or,  we  may  multiply  the  contents 

6  of  1  bag  by  the  factors  of  the  com- 


14  bu.  1  pk.  in   6  bogs,     f  *»«.  """'*'?'•  "^  f  ««*f,  ""*» 

^^  the  given  prime  number,  47,  and 


114  bu.  in  48  bags,      multiplicand. 

2  '<    1  pk.  4  qt.  "    1  bag. 
Ill  bu.  2  pk.  4  qt.  "  47  bags.  Ans. 


from  the  last  product  subtract  the 


F>t)d. 


3. 

4. 

T. 

12 

cwt         lb. 

15      27 
5. 

9 
8 

mi. 

14 

ftjr.        rd. 

6      36 
6. 

ft. 

14 
9 

A. 

7 

Bq.  rd.    aq.  jd. 

73      21 

Bq.  ft. 

7 
6 

Gd.       od.  ft. 
10           7 

eu.  ft. 

13 
12 

Prod. 

7.  Multiply  34  bu.  3  pk.  6  qt.  1  pt.  by  14. 

8.  Multiply  4  lb.  10  oz.  18.7  pwt.  by  27. 

9.  Multiply  9  S  3  3  2  3 13  gr.  by  35. 

16.  Multiply  6  gal.  2  qt.  1  pt  3.25  gi.  by  96. 

11.  Multiply  78  A.  15  sq.  yd  by  15|. 

12.  What  id  73  times  9  cu.  yd.  10  cu.  ft.  1424  cu.  in.  ? 

13.  Multiply  2  lb.  8  oz.  13  pwt.  18  gr.  by  59. 

14.  Multiply  4  yd.  1  ft.  4.7  in.  by  125. 

16.   If  1  qt.  2  gi.  of  milk  will  fill  1  bottle,  how  much  will 
be  required  to  fill  a  gross  of  bottles  of  the  same  capacity  ? 

16.  How  much  will  120  yd.  of  cloth  cost,  at  iSl  9a.  per 
yard? 

17.  What  is  the  weight  of  48  loads  of  hay,  each  weighing 
1  T.  3  cwt  50  lb.  ? 

18.  A  milliliter  of  water  weighs  1  gram ;  what  is  the  weight 
in  kilograms  of  25™  of  water  ? 
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19.  Multiply  7  0,  10  f  S  4  f  3  25  nt  by  24. 

20.  Multiply  3  hhd  43  gal.  2.6  gi.  by  17. 

21.  Multiply  9  T.  13  cwt.  1  qr.  10.5  lb.  by  1.7. 

Note.  —  When  the  multiplier  oontalns  » decimal,  the  maltiplicand  m%y  be  redaoed  to  the 
lowest  denomination  mentioned,  or  the  lower  denominAtions  to  a  decimal  of  the  h^faer, 
before  multiplying.    The  result  can  be  reduced  to  the  compound  number  required. 

22.  If  a  pipe  discharges  2  bhd.  23  gal.  2  qt.  1  pt.  of  water 
in  1  hour,  how  much  will  it  discharge  in  4.8  hoiirs,  if  the  water 
flows  with  the  same  velocity  ? 

23.  What  number  of  rails  will  inclose  a  quarter-section  of 
land  with  a  fence  6  rails  high,  and  3  lengths  for  every  2  rods  ? 
and  what  will  be  the  cost  of  the  rails  at  $  40  per  thousand  ? 

24.  What  will  be  the  value  of  1  dozen  gold  cups,  each  cup 
weighing  9  oz.  13  pwt.  8  gr.,  at  $  212.38  a  pound  ? 

25.  How  many  steres  of  wood  are  there  in  a  pile  16"  long, 
19"  wide,  and  25"  high  ? 

26.  A  farmer  sold  5  loads  of  oats,  averaging  37  bu.  3  pk.  5  qt 
each,  at  9  ^^S  per  bushel.  How  much  money  did  he  receive  for 
the  grain  ? 

27.  How  many  acres  are  there  in  a  field  67"  long  and 
28.5  "  wide  ? 

28.  A  speculator  bought  of  the  111.  Central  B.  B.  Co.  the  S.  \ 
of  Section  4,  township  10  north,  range  6  east,  at  $  2  an  acre. 
He  sold  the  E.  |  of  the  S.E.  ^  at  «  2.75  an  acre;  the  N.W.  \  of 
the  S.E.  :^  at  $3|  an  acre,  and  the  N.  |  of  the  S.W.  \  at 
9  3.84  an  acre.  How  many  acres  had  he  left  ?  What  was  his 
gain  on  the  purchase  price  of  the  whole  ?    Draw  diagram. 

29.  A  man  having  purchased  a  section  of  land  from  the 
U.  S.  Government  at  $  1.25  an  acre,  sold  the  S.  ^  of  S.W.  \  at 
$2.50  an  acre,  the  N.W.  \  of  N.W.  J  at  $  1.76  an  acre,  the  W. 
^  of  S.E.  J  at  «  2  an  acre,  and  the  W.  |  of  S.W.  \  of  N.E.  \  at 
$  3  an  acre.  How  many  acres  has  he  remaining,  and  what  is 
his  gain,  provided  the  remainder  is  sold  at  $2^  an  acre? 
Draw  diagram  and  explain. 

30.  In  6  barrels  of  grain,  each  containing  2  bu.  3  pk.  6  qt., 
how  many  bushels  are  there  ? 
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DIVISION. 
Examples. 
405.  To  divide  compound  denominate  nnmbers. 

1.  Divide  37  A.  60  sq.  rd.  7  sq.  yd.  by  8. 

OPERATION.  Solution.  —  Writing  the  divisor  on 

8)  37  A.  60  sq.  rd.  7  sq.  yd.    ^^^  left  of  the  dividend,  we  divide  the 

4      107  1()       Arm     b^^^st  denomination,  and  the  quotient 

is  4  A.  and  the  remainder  6  A.  We 
write  the  quotient  under  the  denomination  divided,  and  reduce  the 
remainder  to  sq.  rd.,  making  800  sq.  rd.,  which,  added  to  the  60  sq.  rd. 
of  the  dividend,  equals  860  sq.  rd.  Dividing  this,  we  have  a  quotient  of 
107  sq.  rd.,  and  a  remainder  of  4  sq.  rd.  Proceeding  in  the  same  way 
with  the  yards,  our  answer  is  4  A.  107  sq.  rd.  16  sq.  yd. 

2.  Divide  111  bu.  2  pk.  4  qt.  by  47. 

OPERATION. 

47)  111  bu.  2  pk.  4  qt.  (2  bu.  1  pk.  4  qt.  Ans. 

QJ. 


17  bu. 

rem. 

4 

70  pk. 

in  17  bu. 

2pk. 

47 

23  pk. 

rem. 

8 

188  qt 

in  23 

pk. 

4qt. 

188 

Solution.  —  The  divi- 
sor being  large,  and  a 
prime  number,  we  divide 
by  long  division,  settuig 
down  the  whole  work  of 
subtracting  and  reducing. 


Rule. — I.  Divide  the  highest  denomination  as  in  simple 
numbers^  and  each  succeeding  denomination  in  the  same  manner, 
if  there  is  no  remainder. 

II.  If  there  is  a  remainder  after  dividing  any  denomination, 
reduce  it  to  the  next  lower  denomination,  adding  in  the  given  num- 
ber of  that  denomination,  if  any,  and  divide  as  before. 

III.  The  several  partial  quotients  will  be  the  quotient  required. 

NoTK.  —  When  the  divisor  is  larpre  and  is  a  compoHU  number,  we  may  shorten  the 
work  by  diiridlng  by  the  Ikctors.  When  the  divisor  and  dividend  are  both  compound  num- 
bers, they  most  both  be  redooed  to  the  same  denomination  before  dividing,  and  then  the 
process  is  the  same  as  in  simple  nnmbers.  The  division  of  a  denominate  iVaotlon  is  most 
readfly  performed  by  SS  ^^  ^^  8^- 


286  DENOMINATB  NUMBERS. 


3. 

4. 

hhd. 

iral. 

qt. 

pt. 

T. 

cwt. 

qr. 

lb. 

12)9 

28 

2 

0 

19) 373 

19 

2 

4 

5.  Divide  358  A.  57  sq.  rd.  6  sq.  yd.  2  sq.  ft.  by  7. 

6.  Divide  192  bu.  3  pk.  1  qt.  1  pt.  by  9. 

7.  How  many  hectoliters  of  grain  can  be  put  into  a  bin  3" 
long,  2.5™  wide,  and  1.75™  deep  ?  How  many  bushels  would 
such  a  bin  hold  ? 

8.  Divide  336  yd.  4  ft.  3J  in.  by  21. 

9.  Divide  77  sq.  yd.  5  sq.  ft.  82  sq.  in.  by  13; 

10.  Divide  678  cu.  yd.  1  cu.  ft.  1038.05  cu.  in.  by  67. 

11.  Divide  1986  mi.  3  lui*.  20  rd.  1  yd.  by  108. 

12.  Divide  12  sq.  mi.  30  sq.  rd.  by  22^, 

NoTB.  —  Observe  that  22| »  V ;  henoe,  multiply  by  8,  ftad  divldtf  the  result  by  4&. 

13.  Divide  365  da.  6  h.  by  240. 

14.  A  box  3.52™  long  and  2.5™  wide  contains  27.28"™.  How 
deep  is  it  ? 

16.  Divide  3794  cu.  yd.  20  cu.  ft.  709 J  cu.  in.  by  33J. 

16.  Divide  121  lb  3  S  2  3  1  3  4  gr.  by  ISJ. 

17.  Divide  28*  51'  27.765"  by  2.754. 

18.  Divide  202  yd.  1  ft.  6|  in.  by  f. 

19.  Divide  1950  da.  15  h.  15f  min.  by  100. 

20.  If  a  town  4  miles  square  is  divided  equally  into  124 
farms,  how  much  will  each  farm  contain  ? 

21.  A  pile  of  wood  containing  36.25'*  is  2™  long  and  1.5™ 
wide.     How  high  is  it  ?    How  many  cords  does  it  contain  ? 

22.  A  cellar  48  ft.  6  in.  long,  24  ft.  wide,  and  6 J  ft.  deep, 
was  excavated  by  6  men  in  8  days ;  how  many  cubic  yards  did 
each  man  excavate  daily  ? 

23.  How  many  casks,  each  containing  2  bu.  3  pk.  6  qt.,  can 
be  filled  from  356  bu.  3  pk.  5  qt.  of  cherries  ? 

24.  If  a  township  of  land  is  equally  divided  among  288 
families,  how  many  acres  does  each  receive?  What  jwtft  of 
a  section  ? 
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406.  Every  circle  is  supposed  to  be  divided  into  360  equal 
parts,  caJled  degrees.  Since  the  sun  appears  to  pass  from  east 
to  west  around  the  earth,  or  through  360^,  once  in  every  24 
hours,  it  will  pass  through  -^  of  360**,  or  15**  of  the  distance,  in 
1  hour ;  and  1**  of  distance  in  ^ig-  of  1  hour,  or  4  minutes ;  and 
1'  of  distance  in  ^  of  4  minutes,  or  4  seconds,  etc. 


TABLE   OF  LONTOITUDE   AXD   TISIE. 


960^  of  longitade  =  24  hours  of  time. 
150  ii        ti        _    1  hour       " 

lo'  "        "        =1  minute    " 


15''  of  longitude  =  1  second  of  time. 
1^  **        **         =4  minutes    *» 
1'    '*        "         =4  seconds     " 

Hence,  the  difference  in  longitude  in  degrees,  minutes,  and  seconds  is 
•15  times  the  difference  in  time  in  hours,  minutes,  and  seconds,  respec- 
tively. 

Szamples. 

407.  To  find  the  difference  of  longitude  between  two  places, 
when  the  diffn^nce  of  time  is  known. 

1.  If  the  difference  of  time  between  New  York  and  Cin- 
cinnati is  41  min.  36  sec.,  what  is  the  difference  of  longitude  ? 


Solution.  —  Since  there  are  15  times  as  many 
degrees,  minutes,  and  seconds  of  longitude  as 
there  are  hours,  minutes,  and  seconds  of  time,  we 
multiply  the  time  by  15. 

Or,  since  4  minutes  of  time  make  a  difference  of 
1°  of  longitude,  and  4  seconds  of  time  a  difference 
of  1'  of  longitude,  there  will  be  ^  as  many  degrees 
of  longitude  as  there  are  minutes  of  time,  and  {  as 
many  minutes  of  longitude  as  there  are  seconds  of 
time. 


Bulb.  —  Multiply  the  difference  in  hours,  minutes,  and  seconds 
of  time  by  15 ;  the  product  will  he  tJie  difference  in  longitude  in 
degrees,  minutes,  and  seconds.     Or, 

Reduce  tJie  difference  of  time  to  minutes  and  seconds,  and  then 
divide  by  4 ;  tJie  quotient  will  be  tJie  difference  in  longitude,  in 
degrees  and  minutes. 


FIRST  OPBRATION. 

win. 

B«C. 

41 

36 

15 

624' 

0"  = 

lO'* 

24'  Ans. 

BKCOXD 

OPERATION. 

min. 

sec. 

4)41 

36 

10° 

24'  Ans. 

\ 
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Notes.  —  1.  When  as  in  the  second  operation  we  change  mlnates  to  degrees,  and  seconds 
to  minates,  vre  multiply  by  60 ;  but  since  vre  also  divided  by  4,  and  60  -r  4  =  15,  the  result  is 
the  same  as  though  we  multiplied  by  15,  as  in  the  first  operation. 

8.  If  one  place  is  in  east  and  the  other  in  west  longitude,  the  difference  of  longitude  is 
found  by  adding  them,  and  if  the  sum  is  greater  than  180°,  it  must  be  subtracted  frtua  860°. 

8.  Since  the  sun  appears  to  move  from  east  to  west,  when  it  is  ejcaetly  19  o^elock  at  one 
place,  it  will  be  pctst  18  o'clock  at  all  places  east,  and  htfort  12  at  all  places  west  Hence, 
if  the  difference  of  time  between  two  places  is  subtracted  from  the  time  at  the  taaUrly 
place,  the  result  will  be  the  time  at  the  westerly  place ;  and  if  the  difference  is  added  to  the 
time  at  the  toesUrly  place,  the  result  will  be  the  time  at  the  easterly  place. 

2.  When  it  is  9  o'clock  at  Washington,  it  is  8  h.  7  min. 

12  sec.  at  St.  Louis ;  the  longitude  of  Washington  being  IV  3' 
west,  what  is  the  longitude  of  St.  Louis  ? 

3.  The  sun  rises  at  Boston  1  h.  16  min.  4  sec.  sooner  than 
at  New  Orleans ;  the  longitude  of  New  Orleans  being  90**  5' 
west,  what  is  the  longitude  of  Boston  ? 

4.  When  it  is  half  past  2  o'clock  in  the  morning  at  Havana, 
it  is  9  h.  13  min.  24  sec.  a.m.  at  the  Cape  of  (xood  Hope ;  the 
longitude  of  the  latter  place  being  18°  29'  east,  what  is  the 
longitude  of  Havana? 

6.  The  difference  of  time  between  Valparaiso  and  Kome  is 
5  h.  36  min.  36  sec.     What  is  the  difference  in  longitude  ? 

6.  When  it  is  12  o'clock  m.  at  San  Francisco  it  is  2  h.  58  min. 

13  sec.  P.M.  at  Rochester,  N.Y. ;  the  longitude  of  the  latter 
place  being  77°  51'  W.,  what  is  the  longitude  of  San  Francisco  ? 

7.  A  man  traveling  West  from  Quebec,  which  is  in  71°  13'  45" 
W.  longitude,  finds,  on  his  arrival  at  Denver,  Colo.,  that  his 
watch  is  1  h.  38  min.  49  sec.  faster  than  true  time  at  the  latter 
place.  If  his  watch  has  kept  accurate  time,  what  is  the  longi- 
tude of  Denver  ? 

8.  A  ship's  chronometer,  set  at  Greenwich,  points  to  5  h, 
40  min.  20  sec.  p.m.,  when  the  sun  is  on  the  meridian.  What 
is  the  ship's  longitude  ? 

NoTB.  —  Greenwich,  Eng.,  is  on  the  meridian  of  0°,  and  from  this  meridian  longitude 
is  reckoned. 

9.  The  longitude  of  Stockholm  is  18°  3'  45"  E. ;  when  it  is 
midnight  there,  it  is  6  h.  8  min.  15.3  sec.  p.m.  at  New  York, 
What  is  the  longitude  of  New  York  from  Greenwich  ? 
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riBST  OPERATION. 

87^  37' 
7V    4' 

15)16"*  33'  difference  of  long. 

1  h.  6  min.  12  sec.  Ans. 

SECOND  OPERATION. 

16^           33' 
4 

64  min.  132  sec.  = 
1  h.  6  min.  12  sec.  Ans. 


406.  To  find  the  difference  of  time  between  two  places,  when 
their  longitudes  are  given. 

1.  The  longitude  of  Boston  is  71°  4',  and  of  Chicago  87°  37'. 

What  is  the  difference  of  time  between  these  two  places. 

Solution. —  By  subtraction  of  com- 
pound numbers  we  first  find  the  differ- 
ence of  longitude  between  the  two 
places,  which  is  16^  33'  Since  the 
difference  in  longitude  in  degrees, 
minutes,  and  seconds,  is  16  times  the 
difference  of  time  in  hours,  minutes, 
and  seconds,  ^g  of  16°  33'  =  1  h.  6 
min.  12  sec,  the  difference  in  time. 

Or,  since  1°  of  longitude  makes  a 
difference  of  4  minutes  of  time,  and 
1'  of  longitude  a  difference  of  4 
seconds  of  time,  we  multiply  16°  33', 
the  difference  in  longitude,  by  4,  and 
we  obtain  the  difference  of  time  in  minutes  and  seconds,  which,  reduced 
to  higher  denominations,  gives  1  h.  6  min.  12  sec,  the  difference  in  time. 

KuLE.  —  Divide  tfie  difference  of  longitude  in  degrees,  minutesj 
and  secondsy  by  15,  and  the  quotient  will  be  the  difference  of  tinie 
in  hourSf  minutes,  arid  seconds.     Or, 

Multiply  tlie  difference  of  longitude  in  degrees  and  minutes  by 
4,  and  the  product  will  be  the  difference  of  time  in  minutes  and 
seconds,  which  may  be  reduced  to  hours. 

NoTB. — Wben  as  in  the  second  operation  we  chan^  degrees  to  minutes,  and  mlnntes  to 
ieoonds,  we  divide  bj  60,  bat  since  we  also  molUply  by  4,  the  result  is  the  same  as  when  we 
divide  by  15  in  the  first  operation. 

2.  New  York  is  74°,  and  Cincinnati  84**  26'  west  longitude. 
What  is  the  difference  of  time  ? 

3.  The  Cape  of  Good  Hope  is  18°  29'  east,  and  the  Sand- 
wich Islands  155°  west  longitude.  What  is  the  difference  of 
time? 

4.  If  a  message  is  sent  by  telegraph  without  any  loss  of 
time,  at  12  m.  from  London,  0°  0'  longitude,  to  Washington, 
77°  3'  west,  what  is  the  time  of  its  receipt  at  Washington  ? 

6.  Washington  is  77°  3'  west,  and  St.  Petersburg  30°  18' 
east  longitude.     What  is  their  difference  of  time  ? 


\i 
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6.  A  steamer  arrives  at  Halifax,  63°  35'  west,  at  4  o'dock 
P.M. ;  the  fact  is  telegraphed  to  St.  Louis,  90"  16'  west,  without 
loss  of  time.    What  is  the  time  of  its  receipt  at  St.  Louis  ? 

7.  If  Pekin  is  116''  28'  54"  east,  and  San  Francisco  JL22'* 
24'  15"  west  longitude,  what  is  their  difference  of  time  ? 

8.  If  at  a  presidential  election,  the  voting  begins  at  sunrise 
and  ends  at  sunset,  how  much  sooner  will  the  poles  ox)en  and 
close  at  Portland,  Me.,  70**  16'  40"  west,  than  at  Portland, 
Oregon,  122°  27' 30"  west? 

9.  When  it  was  1  o'clock  a.m.,  on  the  first  day  of  January, 
1891,  at  Bangor,  Me.,  68°  47'  west,  what  was  the  time  at  the 
city  of  Mexico,  99°  6'  west  ? 

10.  A  steamer  arrives  at  Halifax,  63°  35'  west,  at  4  h.  30  min. 
P.M. ;  the  fact  is  telegraphed  to  New  York,  74°  west,  without 
loss  of  time.     What  is  the  time  of  its  receipt  at  New  York  ? 

409.  To  avoid  the  inconvenience  arising  from  the  difference 
in  time  between  places  comparatively  near  (as,  for  example, 
the  difference  of  12  minutes  between  New  York  and  Boston), 
the  following  standard  time  divisions  have  been  adopted  by  the 
railroads,  and  local  time  is  now  generally  superseded  by  stand- 
ard time. 

410.  Standard  Time  Divisions  fui  adopted  by  the  Railroads.  — 

Eastern  Standard.  —  76th  meridian,  Canada,  between 
Quebec  and  Detroit ;  United  States  east  of  Buffalo,  New  York ; 
Pittsburg,  Pennsylvania;  Wheeling  and  Huntington,  West 
Virginia;  Bristol,  Tennessee;  Charlotte,  North  Carolina,  and 
Augusta,  Georgia. 

Central  Standard. — 90th  meridian.  West  from  "East- 
ern "  limits,  as  above,  to  Broadview,  Canada ;  to  the  Missouri 
River  in  Dakota;  North  Platte  and  McCook,  Nelwraska;  Wal- 
lace and  Dodge^ity,  Kansas ;  Toyah  and  Sanderson,  Texas. 

Mountain  Standard.  —  105th  meridian.  West  from 
"Central"  limits  to  Heron,  Montana;  Ogden,  Utah;  Needles 
and  Yuma,  Arizona. 

Pacific  Standard.  —  120th  meridian.  West  from  "  Moun- 
tain" limits  to  coast. 
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411.  As  a  matter  of  faet,  standard  time  coincides  with 
local  time  in  very  few  places  in  the  United  States,  and  there- 
fore for  accurate  calculations  the  correction  is  constantly- 
needed. 

« 

Eastern  Standard  Time — that  of  the  75th  meridian — coin- 
cides very  nearly  with  local  time  at  Potsdam  and  Herkimer, 
New  York ;  Camden  and  Cape  May,  New  Jersey,  and  Phila- 
delphia, Pennsylvania. 

Central  Standard  Time — that  of  the  90th  meridian — is  prac- 
tically local  time  for  Bessemer,  Michigan;  Mt  Carroll,  Illiaois; 
St  Louis,  Missouri;  Memphis,  Tennessee;  Jackson,  Mississippi; 
and  New  Orleans,  Louisiana. 

Moontain  Time  is  very  nearly  local  time  at  Cheyenne,  Wyo- 
ming; Denver,  Colorado;  and  Las  Vegas,  New  Mexico. 

Padfic  Time  is  very  close  to  local  time  at  £.eno  and  Carson 
City,  Nevada,  and  Santa  Barbara,  California. 

While  the  standard  meridians  are  exactly  15^  apart,  the 
belts  using  the  several  meridian  times  vary,  according  to  con- 
venience, from  10°  to  25°  in  width.  This  results  in  some  sin- 
gular variations.  For  instance.  El  Paso,  Texas,  has  the  same 
standard  time  as  Savannah,  Georgia,  though  there  is  a  differ- 
ence of  1  h.  45  min.  in  local  time.  On  the  other  hand,  San 
Diego,  California,  has  two  hours  later  standard  time  than 
£1  PaiOy  although  there  is  a  difference  of  but  42  min.  in  local 
time. 

By  knowing  the  meridian,  which  is  the  standard  for  any  place,  and  the 
distance  of  the  meridian  from  the  place  in  degrees  east  or  west,  local  time 
can  be  converted  into  standard  time. 

For  a  place  east  of  its  standard  m*3ridlan,  the  time  of  the  rising  or 
setting  of  any  heavenly  body  may  be  expressed  in  standard  time  by  sab- 
tracting  from  the  almanac  calendar  time  one  minute  of  time  for  every 
IS*  of  longitude,  or  4  minutes  of  time  for  every  degree  of  longitude  that 
the  place  is  east  from  the  standard  meridian. 

For  a  place  west  of  its  standard  meridian,  the  time  of  the  rising  or 
setting  of  the  sun  or  moon  may  be  found  by  adding  to  the  almanac 
calendar  time  one  minute  of  time  for  every  15'  of  longitude,  or  4  minutes 
of  time  for  every  degree  of  longitude  that  the  place  is  west  of  the  standard 
meridian. 

BOB.  NSW  HIGHER  AR. —  16 
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412.  Corrections  for  the  foUowii^  Cities. 


Eastkric  Standard. 
lb*  Lon^tude. 


Mfn. 

Bangor,  Me —25 

Aogosta,  Me —21 

Portland,  Me -19 

Boston,  Mass — 16 

Newport,  R.I. — 16 

Providence,  R.I. . .  — 14 
Concord,  N.H -14 


Ckkteal  Stardasd. 

90*  Longitude. 


Mfn. 

Cleveland,  Oliio. .  -^3 
Columbus,  Ohio.. -28 
Detroit,  Mich....— ^8 

Toledo,  Ohio -26 

Dayton,  Ohio.... -23 
Cincinnati,  Ohio  .  —22 
Louisville,  Ky.. . .  — 18 


Hon  VTA  nr  Standard. 
lU&o  Longitode. 


Mia. 

Denver  Col 

Salt  LakeCity  .Utah + 86 

Pacific  Standard. 
ISQOLDQgltiHle. 

Sacramento,  Cal.. .  +  6 
San  Francisco,  Cal.-)- 10 


1.  Buffalo  is  about  79**  west  longitude.  What  is  the 
difference  between  standard  time  and  actual  time  in  that 
city? 

2.  Cincinnati  is  84®  26'  west  longitude.  When  it  is  noon  by 
actual  time^  what  is  the  hour  by  standard  time  ? 

3.  Washington  is  77°  3'  west  longitude.  When  it  is  noon 
by  standard  time,  what  is  the  actual  time  ? 

4.  What  is  the  longitude  of  Bangor  ?  Of  Newport  ?  Of 
LouisvUle  ?    Of  Detroit  ?    Of  San  Francisco  ? 

Noti.  — Kofer  to  table  of  corrections. 

5.  When  the  sun  rises  in  Boston  at  6  o'clock  in  the  morning, 
as  indicated  by  the  almanac,  at  what  hour  does  it  rise  by 
standard  time  ? 

6.  The  longitude  of  Springfield,  Mais.,  is  72°  35'  45"  W., 
and  of  Galveston,  Tex.,  94°  50'  W. ;  when  it  is  20  min.  past 
6  o'clock  A.M.  at  Springfield,  what  time  is  it  at  Galveston  ? 
What  is  the  difference  between  the  actual  time  and  standard 
time? 

7.  The  longitude  of  Boston,  Mass.,  is  71°  4'  W.,  and  of  San 
Francisco,  Cal.,  122°  24'  W.  When  it  is  n'X)n  at  Boston,  what 
time  is  it  at  San  Francisco  ?  What  is  the  difference  between 
the  actual  time  and  standard  time  ? 
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413.      HiacellABaous  Examples  in  Denominate  Eomben. 

1.  How  much  will  3  cwt.  12  lb.  of  hay  cost  at  $  15 J  a  ton  ? 

2.  How  many  grains  are  9  lb.  8  5  1  3  2  3  19  gr.  ? 

3.  How  many  English  ells  are  there  in  27  yd.  2  qr.  ? 

4.  Reduce  9 18.945  to  sterling  money. 

6.   In  4  yr.  48  da.  10  h.  45  sec.  how  many  seconds  are 
there? 

6.  How  many  printed  pages,  2  ^f^gea  to  each  leaf,  will 
there  be  in  an  octavo  book  having  24  fully  printed  sheets  ? 

7.  At  1/6  sterling  per  yard,  how  many  yards  of  cloth  may 
be  bought  for  £5  69.6d.? 

8.  In  4  mi.  51  ch.  73  1.  how  many  links  are  there  ? 

9.  In  22  A.  153  sq.  rd.  2|  sq.  yd.  how  many  square  yards 
are  there  ? 

10.  How  many  demijohns,  each  containing  3  gal.  1  qt.  1  pt., 
can  be  filled  from  3  hhd.  of  vinegar  ? 

11.  A  man  sent  a  silver  tray  and  pitcher,  weighing  3  lb.  9  oz., 
to  a  jeweler,  and  ordered  them  made  into  teaspoons,  each  weigh* 
ing  1  oz.  5  pwt. ;  how  many  spoons  ought  he  to  receive,  mak* 
ing  no  allowance  for  waste  ? 

12.  What  part  of  4  gal.  3  qt.  is  2  qt.  1  pt.  2  gi.  ? 

13.  Reduce  f  of  ^  of  a  rod  to  the  fraction  of  a  yai-d. 

14.  What  must  be  the  depth  of  a  bin  1™  wide  and  2™  deep 
to  contain  6200*  of  grain  ? 

15.  How  many  yards  of  carpeting  1  yd.  wide  will  be  required 
to  cover  a  floor  26^  ft.  long  and  20  ft  wide  ? 

16.  If  I  purchase  15  T.  3  cwt.  3  qr.  24  lb.  of  English  iron, 
by  long  ton  weight,  at  6  cents  a  pound,  and  sell  the  same  at 
$  140  per  short  ton,  how  much  do  I  gain  by  the  transaction  ? 

17.  What  will  be  the  expense  of  plastering  a  room  40  ft. 
long,  36 J  ft.  wide,  and  22^  ft.  high,  at  18  cents  a  sq.  yd.,  allow- 
ing 1375  sq.  ft.  for  doors,  windows,  and  baseboard  ? 

18.  How  much  tea  is  there  in  23  chests,  each  weighing  78 
lb.  9  oz.  ? 
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19.  Valparaiso  is  in  latitude  33°  2'  south,  and  Mobile  30**  41' 
north ;  what  is  their  difference  of  latitude  ? 

20.  If  a  druggist  sells  1  gross  4  dozen  bottles  of  Congress 
water  a  day,  how  many  will  he  sell  during  the  month  of  July  ? 

21.  If  I  use  15  kilograms  of  coal  a  day,  how  many  tons  will 
I  use  at  that  rate  in  a  year? 

22.  Eighteen  buildings  are  erected  on  an  acre  of  ground, 
each  occupying,  on  an  average,  4  sq.  rd.  120  sq.  ft  84  sq.  in.; 
how  much  ground  remains  unoccupied  ? 

23.  At  $13  per  ton,  how  much  hay  may  be  bought  for 
$12.02^? 

24.  If  1  pk.  4  qt.  wheat  cost  9 .33,  how  much  will  a  bushel 
cost? 

25.  Find  the  degree  of  the  angle  which  the  hour  and  minute 

hands  of  a  clock  form  at  5  o'clock. 

Solution.  —  The  minute  hand  will  be  at  12.  Since  the  hour  hand 
travels  360^  in  twelve  hours,  it  travels  80°  every  hour,  hence  at  5  o'clock 
it  will  make  an  angle  of  6  x  30°  with  the  minute  hand. 

26.  Find  the  degree  of  the  angle  which  the  hour  and  minute 
hands  make  at  2  o'clock.     At  3,  4,  6,  7,  8,  9, 10, 11. 

27.  How  many  bushels  are  there  in  36000  lb.  of  wheat  ? 

28.  At  what  times  between  4  and  5  o'clock  will  the  hour 
and  minute  hands  of  a  clock  form  a  straight  line  ?  A  right 
angle  ?    An  angle  of  45°  ? 

29.  At  20  cents  a  cubic  yard,  how  much  will  it  cost  to  dig  a 
cellar  32  ft.  long,  24  ft.  wide,  and  6  ft.  deep  ? 

30.  If  the  wall  of  the  same  cellar  is  laid  1^  feet  thick,  what 
will  it  cost  at  $  1.25  a  perch  ? 

31.  The  forward  wheels  of  a  wagon  are  10  ft.  4  in.  in  circum- 
ference, and  the  hind  wheels  15^  ft. ;  how  many  more  times 
will  the  forward  wheels  revolve  than  the  hind  wheels  in 
running  from  Boston  to  New  York,  the  distance  being  248 
miles  ? 

32.  A  man  bought  15  cwt.  22  lb.  of  rice  at  $3.75  a  cwt.,  and 
7  cwt.  36  lb.  of  pearl  barley  at  $  4.25  a  cwt.  How  much  would 
he  gain  by  selling  the  whole  at  4^  cents  a  pound  ? 
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33.  If  a  barometer  shows  the  pressure  of  air  at  a  certain 
place  to  be  34  in.,  to  what  point  would  the  mercury  rise  in 
another  barometer  which  registers  in  millimeters  at  the  same 
place? 

34.  From  f  of  3  T.  10  cwt  subtract  ^  of  7  T.  3  cwt.  26  lb. 

35.  What  is  the  value  in  avoirdupois  weight  of  16  lb.  5  oz. 
10  pwt  13  gr.  Troy  ? 

36.  What  decimal  of  a  rod  is  1  ft  7.8  in.  ? 

37.  If  a  piece  of  timber  is  9  in.  wide  and  6  in.  thick,  what 
length  of  it  will  be  required  to  make  3  cu.  ft.  ? 

38.  If  a  board  is  16  in.  broad,  what  length  of  it  will  make  7 
sq.  ft  ? 

39.  How  many  tons  are  there  in  a  stick  of  hewn  timber  60 
ft  long,  and  1  ft.  9  in.  by  1  ft.  1  in.  ? 

40.  Subtract  ^  bu.  + 1  of  ^  of  3J  qt  from  5  bu.  3||  qt 

41.  How  many  pounds  of  silver,  Troy  weight,  are  equiva- 
lent in  value  to  5.6  lb.  of  gold  by  the  English  government 
standard  ? 

42.  A  grocer  bought  275  bu.  of  com  at  $  .75  a  bushel  and 
sold  it  at  $  3  a  hectoliter.     How  much  did  he  gain  ? 

43.  If  a  piece  of  gold  is  f  pure,  how  many  carats  fine  is  it? 

44.  In  gold  16  carats  fine  what  part  is  pure  and  what  part 
is  alloy  ? 

45.  A  man  having  a  piece  of  land  containing  384|  A., 
divided  it  between  his  two  sons,  giving  to  the  elder  22  A. 
60  sq.  rd.  more  than  to  the  younger.  How  many  acres  did  he 
give  to  each? 

46.  If  a  boy  walks  80"  a  minute,  how  many  miles  an  hour 
will  he  walk  at  the  same  rate  ? 

47.  The  great  pyramid  of  Cheops  measiures  763,4  feet  on 
each  side  of  its  base,  which  is  square.  How  many  acres  does  it 
cover? 

48.  The  roof  of  a  house  is  42  ft.  long,  and  each  side  20  ft. 
6  in.  wide.     What  will  the  roofing  cost  at  $4.62^  a  square  ? 
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49.  If  a  man  buys  10  hectoliters  of  chestnuts  at  9 13  a 
hectoliter,  and  sells  them  at  $  5.50  a  bushel,  how  much  does  he 
gain? 

60.  If  17  T.  15  cwt  62^  lb.  of  iron  cost  « 1333.593,  how 
much  will  1  ton  cost  ? 

61.  A  cubic  foot  of  distilled  water  weighs  1000  ounces  ayoir- 
dupois.     What  is  the  weight  of  a  liquid  gallon  ? 

62.  There  is  a  house  45  feet  long,  and  each  of  the  two  sides 
of  the  roof  is  22  feet  wide.  Allowing  each  shingle  to  be 
4  inches  wide  and  15  inches  long,  and  to  lie  one  third  to  the 
weather,  how  many  half  thousand  bunches  will  be  required  to 
cover  the  roof  ? 

63.  A  cistern  measures  4  ft.  6  in«  square,  and  6  ft  deep ;  how 
many  hogsheads  of  water  will  it  hold  ? 

64.  If  the  driving  wheels  of  a  locomotive  are  18  ft.  9  in.  in 
circumference,  and  make  3  revolutions  in  a  second,  how  long 
will  the  locomotive  be  in  running  150  miles  ? 

66.  In  traveling,  when  I  arrived  at  Louisville  my  watch, 
which  was  exactly  right  at  the  beginning  of  my  journey,  and  a 
correct  timekeeper,  was  1  h.  6  min.  52  sec.  fast.  From  what 
direction  had  I  come  and  how  far  ? 

66.  How  many  U.S.  bushels  will  a  bin  contain  that  is  8.5ft 
long,  4,25  ft.  wide,  and  3|  ft  deep  ? 

67.  Reduce  3  hhd.  9  gal.  3  qt.  liquid  measure  to  Imperial 
gallons. 

68.  A  man  owns  a  piece  of  land  which  is  105  ch.  85  1.  long, 
and  40  ch.  15 1.  wide ;  how  many  acres  does  it  contain  ? 

69.  A  and  B  own  a  farm  together;  A  owns  ^  of  it  and  B 
the  remainder,  and  the  difference  between  their  shares  is  15  A. 
68^  sq.  rd.     What  is  B's  share  ? 

60.  At  $  3.40  per  square,  what  will  be  the  cost  of  tinning 
both  sides  of  a  roof  40  ft.  in  length,  whose  rafters  are  20  ft  6  in. 
long? 

61.  If  a  horse  eats  2.5*^^  of  oats  in  a  week,  how  long  will 
12  bushels  last  him  ? 
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62.  What  is  the  value  of  a  farm  189.5  rd.  long  and  150  rd. 
wide,  at  931f  per  acre  ? 

63.  Reduce  9.75  tons  of  hewn  timber  to  feet,  board  measure ; 
that  is,  1  in.  thick. 

64.  How  many  gallons  will  a  tank  contain  that  is  4  ft.  long, 
^  ft.  wide,  and  2f  ft  deep  ? 

66.  If  a  load  of  wood  is  12  ft.  long,  and  3  ft  6  in.  wide,  how 
high  must  it  be  to  make  a  cord  ? 

66.  The  scale  of  a  map  of  New  York  State  is  1*"  to  5*^'". 
The  distance  between  two  places  on  this  map  measures  12^. 
What  is  their  actual  distance  in  miles  ? 

67.  In  a  schoolroom  32  ft  long,  18  ft  wide,  and  12  ft  6  in. 
high,  there  are  60  pupils,  each  breathing  10  cu.  ft  of  air  in  a 
minute.  In  how  long  a  time  will  they  breathe  as  much  air  as 
the  room  contains  ? 

68.  A  man  has  a  piece  of  land  201f  rods  long  and  41^  rods 
wide,  which  he  wishes  to  lay  out  into  square  lots  of  the  greatest 
possible  size.     How  many  lots  will  there  be  ? 

69.  A  man  has  4  pieces  of  land,  containing  4  A.  140  sq.  rd., 
6  A.  132  sq.  rd.,  9  A.  120  sq.  rd.,  and  11  A.  112  sq.  rd.  respec- 
tively. It  is  required  to  divide  each  piece  into  the  largest 
sized  building  lots  possible,  each  lot  containing  the  same  area, 
and  an  exact  number  of  square  rods.  How  much  land  will 
each  lot  contain  ? 

70.  How  many  perches  of  masonry  are  there  in  the  wall  of 
a  cellar  which  is  20  ft  square  on  the  inside,  8  ft  high,  and 
1^  ft  in  thickness  ? 

71.  A  vessel  set  sail  from  New  York,  and  proceeded  in  a 
southeasterly  direction  for  24  days.  The  captain  then  took  an 
observation  of  the  sun,  and  found  the  local  time  at  the  ship's 
meridian  to  be  10  h.  4  min.  36.8  sec.  a.m.  At  the  moment  of 
the  observation,  his  chronometer,  which  had  been  set  for  New 
York  time,  showed  8  h.  53  min.  47  sec.  a.m.  Allowing  that  the 
chronometer  had  gained  3.56  sec.  per  day,  how  much  had  the 
ship  changed  her  longitude  since  she  set  sail  ? 
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LUMBSR. 
Boards,  Timbbr,  Era 

414.  The  unU  of  measure  for  boards,  timber,  plank,  and 
joist  is  a  square  foot,  1  inch  in  thickness,  which  is  called  a 
Board  Foot 

In  Board  Measnre  all  boards  are  assumed  to  be  1  inch  thick  unless 
otherwise  specified.  All  boards  over  1  inch  in  thickness  to  1 J  inches  are 
reckoned  as  1^  inches ;  over  1^  to  1^  inches  as  1^  inches ;  1|  to  2  inches 
as  2  inches ;  over  2  inches  according  to  their  thickness.  Thus  a  board  1^ 
inches  thick  is  equal  to  1|^  boards  of  the  same  size  1  inch  thick ;  and  a 
board  2  inches  thick  is  equal  to  2  boards  of  tlie  same  size  1  inch  thick. 

In  practice  the  width  of  a  board  is  reckoned  only  to  the  next  smaller 
Half-inch.  Thus  a  width  of  5J  is  reckoned  as  6  inches ;  a  width  of  5}  is 
reckoned  as  6}  inches. 

416.  Since  a  board  foot  is  only  ^  of  a  foot  thick,  it  contains 
1  X  1  X  ^  =  ^  cu.  f t. ;  hence  it  takes  12  board  feet  to  make  a 
cubic  foot.  Board  feet  are  therefore  changed  to  cubic  feet  by 
dividing  by  12,  and  cubic  feet  are  changed  to  board  feet  by 
multiplying  by  12. 

416.  Lumber  and  Sawed  Timber,  as  plank,  scantling,  etc.,  are 

usually  estimated  in  board  measure.  Hewn  and  Round  Timber 

in  cubic  measure. 

Examples. 

417.  To  find  the  square  contents  of  boards,  joists,  etc. 

1.   Find  the  contents  of  a  board  15  ft  long,  8  in.  wide. 

OPBRATIOir.  SOLDTION.  —  SIUCC  8  lu.  Is  ^  of  S 

15x8-1-12=10  board  ft  Ana,   foot,  we  multiply  15  by  A  "^d  obtain 

the  number  of  board  feet^  or  we  may 
multiply  16  by  8  and  divide  the  result  by  12,  and  the  answer  is  10  board 
feet. 
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2.  What  are  the  contents,  in  board  measure,  of  a  joist  16  ft 
long,  10  in.  wide,  and  3  in.  thick  ? 

OPERATION.  Solution.  —  If   the    board 

3  X  10  X  16  -s-  12  =  40  bd.  ft  Ans.    were  1   in.  thick,  the  square 

contents  would  be  16  x  |^  or 
16  X  10  -r- 12  board  feet ;  but  since  it  is  3  hi.  thick  it  contains  3  times  as 
many  board  feet  or  3  x  10  x  16  -i-  12  =  40  board  feet. 

KUI.E.  —  L  When  lumber  is  not  more  tlian  1  inch  thick,  multiply 
tJie  length  in  feet  by  the  width  in  inches,  and  divide  the  product  by 
12. 

II.  When  it  is  more  than  1  inch  thick,  multiply  the  length  in 
feet  by  the  product  of  the  width  and  thickness  in  inches,  and 
divide  the  continued  product  by  12. 

3.  How  many  board  feet  are  there  in  4  boards  16  ft  long, 

10  in.  wide  ? 

4.  How  many  board  feet  are  there  in  2  joists  17  ft  long, 

11  in.  wide,  and  3  in.  thick  ? 

6.  Find  the  contents  of  a  board  18  ft  long,  1  ft  8  in.  wide 
at  one  end,  and  14  in.  at  the  other. 

OPERATION. 


20  in.  + 14  in.  -J-  2  =  17  in. ;  18  x  17  ^  12  =  25}  bd.  ft  Ans. 

6.  Find  the  cost  of  5  boards  12  ft  long,  17  in.  wide  at  one 
end,  and  11  in.  at  the  other,  at  6  cents  per  square  foot 

7.  How  many  board  feet  are  there  in  a  stick  of  timber 
36  ft  long,  10  in.  thick,  12  in.  wide  at  one  end,  and  9  in.  wide 
at  the  other  end  ? 

8.  Find  the  cost  of  10  planks,  each  15  ft  long,  16  in.  wide, 
and  3^  in.  thick,  at  $  2.25  per  hundred  feet 

9.  Find  the  cost  of  3  pieces  of  timber,  each  26  ft  long  and 
G  in.  by  9  in.,  at  $  1.75  per  hundred  board  feet 

10.  Find  the  cost  of  8  pieces  of  scantling,  3  in.  by  4  in.  and 
14  ft  long,  at  9  9.50  per  thousand  board  feet 

11.  Find  the  cost  of  36  boards,  12  ft.  long,  11  in.  wide,  @ 
$2iperC. 
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12.  Find  the  cost  of  16  planks,  14}  ft  long,  10  in.  wide,  and 
3  in  thick,  @916\  per  M. 

13.  A  rectangular  field,  16  ch.  long  and  8  ch.  wide,  is  in- 
closed by  a  post  and  board  fence ;  the  posts  are  set  8  ft.  apart, 
the  boards  are  16  ft.  long,  and  the  fence  is  5  boards  high.  The 
bottom  board  is  12  in.  wide,  the  top  board  is  6  in.,  and  the 
other  three  9  in.  wide.  The  posts  cost  $  25  per  C,  and  the 
boards  $  14.80  per  M.  Ilequii*ed  the  number  of  posts,  the  amount 
of  liunber,  and  the  cost  of  both. 

418.  To  find  the  length  or  width  of  board  feet  when  one  dimen- 
sion ia  giren. 

1.  What  length  of  board  8  in.  wide  contains  10  board  feet, 
and  what  width  of  board  15  ft.  long  contains  10  board  feet  ? 

OPERATION.  Solution.  —  Since  a  board  foot  la  the 

10  X  12  -s-  8  =  15  ft.,  length.  Prtxl^ct  of  the  length  in  feet  by  the  widUi 

in  inches,  divided  by  12,  if  we  multiply 

10  X  12  -5-  15  =  8  in.,  width,  the  product,  10  board  feet,  by  12  and 

divide  the  result  by  the  width  in  inches, 
8,  we  have  the  length  in  feet,  15  ft. ;  or  if  we  divide  the  result  by  the 
length  in  feet,  16,  we  have  the  width  in  inches,  8  in. 

KuLE.  —  Multiply  the  number  of  board  feet  by  12.  Divide  the 
product  by  tJie  width  in  indies  to  obtain  the  length  in  feet,  or  by  Uie 
length  in  feel  to  obtain  the  width  in  inches. 

2.  What  length  of  board  9  in.  wide  contains  8  board  feet  ? 

3.  What  length  may  be  cut  from  a  board  15  ft  long  and 
20  in.  wide,  so  as  to  leave  15  board  feet  ? 

4.  What  must  be  the  width  of  a  board  16  ft  long,  to  contain 
8  board  feet  ? 

6.  What  must  be  the  width  of  a  piece  of  board  5  ft  3  in. 
long,  to  contain  7  board  feet  ? 

6.  What  must  be  the  width  of  a  board  18  ft.  long  to  contain 
15  board  feet  ? 

7.  What  length  may  be  cut  from  a  board  25  ft  long  and 
24  in.  wide  so  as  to  leave  20  board  feet  ? 
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419.  To  find  the  third  dimension  when  the  cubic  contents  and 
the  other  two  dimensions  are  given. 

1.  What  length  of  a  piece  of  timber  6  in.  by  9  in.,  will 
contain  3  cubic  feet  ? 

OPERATION. 


1728  x3-5-9x6  =  96;  96^12  =  8  ft,  length   Ana. 

EuLE.  —  Multiply  the  contents  in  cubic  feet  by  1728 ;  divide 
the  result  by  the  product  of  the  two  known  dimensions  expressed 
in  square  inches;  and  divide  this  quotient  by  12  to  express  the 
answer  in  feet, 

2.  A  piece  of  timber  is  10  in.  by  16  in.  What  length  of  it 
will  contain  15  cubic  feet  ? 

3.  What  amount  of  inch  lumber  will  make  a  box  4  ft.  by 
3  ft  6  in.  by  2  ft.  G  in.  on  the  outside  ? 

Loos. 

420.  Round  Logs  are  estimated  by  the  square  lumber  that 
can  be  cut  from  them.  The  number  of  board  feet  in  a  log 
16  ft  or  less  in  length  is  ascertained  as  follows : 

BuLE.  —  From  the  square  of  tlie  diameter  of  the  smaller  end 
subtract  twice  this  diameter.  Take  -^  of  tlie  remainder,  and  tlie 
resuU  wiU  be  the  number  of  board  feet  in  a  log  1  ft.  long. 

Note.  — The  diameter  of  the  mnaUsr  end  \a  always  taken  as  a  baala. 

Examples. 

421.  1.  Find  the  number  of  board  feet  in  a  log  8  ft  long 
whose  smaller  diameter  is  25  in. 

OFERATION. 

25'-(2x25)X:^x  8  =  241.6  board  feet   Ans. 
Find  the  number  of  board  feet  in  the  following  logs : 

Length.       Diameter.  Lenfrth.       Diameter. 

2.  6  ft   14  in.  6.  9ft   19  in. 

3.  IS  ft   13  in.  7.  15  ft   17  in. 

4.  16  ft   24  in.  8.  11  ft.   18  in. 
6.  10  ft   20  in.  9.  12  ft   16  in. 
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MASONRY  AlfD  PAVING. 

422.  Masonry  is  estimated  by  the  cubic  foot,  and  by  the 
perch ;  also  by  the  square  foot  and  the  square  yard. 

423.  Materials  are  usually  estimated  by  cubic  measure;  the 
work  by  cubic  or  square  measure. 

424.  A  Perch  of  stone  or  of  masonry  is  1^  ft.  long,  1\  ft 
wide,  and  1  ft.  high,  and  is  equal  to  24.75  cu.  ft.  When  stone 
is  built  into  a  wall,  22  cu.  ft  make  a  perch,  2}  cu.  ft.  being 
allowed  for  mortar  and  filling. 

425.  Embankments  and  Ezcayations  are  estimated  by  the 
cubic  yard,    A  cubic  yard  of  common  earth  is  called  a  load, 

426.  Brickwork  is  generally  estimated  by  the  thousand  brides; 
sometimes  in  cubic  feet.  In  walls,  brickwork  is  estimated  at 
the  rate  of  a  brick  and  a  half  thick. 

North  River  bricks  are  8  in.  x  3^  x  2^;  Maine  bricks  are  7^  in.  x 
8}  X  2} ;  Philadelphia  and  Baltimore  bricks  are  S^  in.  x4}x2};  and 
Milwaukee  bricks,  8}  in.  x  4}  x  2|. 

In  estimating  material,  allowance  is  made  for  doors,  windows,  and 
corners.  The  length  and  breadth  of  a  corner  are  each  equal  to  the  thick- 
ness of  the  wall. 

In  estimating  the  work,  masons  measure  each  wall  on  the  outsidef 
and  ordinarily  no  allowance  is  made  for  doors,  windows,  and  comers; 
but  sometimes  an  allowan'^e  of  one  half  is  made,  this  being,  however,  a 
matter  of  contract. 

Examples. 

427.  To  find  the  number  of  bricks  in  a  cubic  foot  of  masonry. 

Rule.  —  I.  Add  to  the  face  dimensions  of  the  kind  of  bricks 
used,  one  half  the  thickness  of  the  mortar  or  ceme^U  in  which  they 
are  laid,  and  compute  the  area, 

II.  Multiply  this  area  by  the  quotient  of  the  thickness  of  the 
wall  divided  by  tJie  number  of  bricks  of  which  it  is  composed;  the 
prodiict  wiU  be  the  volume  of  a  brick  and  its  mortar  in  cubic 
inclies, 

III.  Divide  1728  by  this  volume,  and  the  quotient  will  be  the 
number  of  bricks  in  a  cubic  foot. 
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1.   How  many  Milwaukee  bricks  are  there  in  a  cubic  foot  of 
wall  12|  in.  thick,  laid  in  courses  of  mortar  ^  of  an  inch  thick? 

OFE  RATION. 


8.6  +  (.25  X  2  -*-  2)  =  8.76  in.  =  length  of  brick  and  mortar. 

2.376  +  (Jio  X  2  -i-  2)  =  2.626  in.  =  height  of  brick  and  mortar. 

8.76  X  2.625  =  22.96876  sq.  in.  =  area  of  its  face. 

12.76  -^  (4. 126  +  .25  X  2  -f-  2)  =  2.0  +  bricks,  therefore  the  wall  must  be 
3  bricks  thick. 

12.76  -r-  3  (number  of  bricks  in  thickness  of  wall)  =  4.26  in.  =  width  of 
brick  and  mortar. 

22.96876  x  4.26  =  97.617  +  =  cubic  inches  in  a  brick. 

1728  -i-  97.617  +  =  17.7  +  =  number  of  bricks  in  a  cubic  foot.  Ans. 

2.  How  many  bricks,  8  in.  x  4  x  2,  will  be  required  to  build 
a  wall  42  ft.  long,  24  ft.  high,  and  16^  in.  thick,  laid  in  courses 
of  mortar  ^  of  an  inch  thick  ? 

428.  To  find  the  perches  of  stone  required. 

Rule.  —  I.  MuUijply  the  number  of  cubic  feet  in  ike  waU,  en' 
work  to  be  done,  by  the  number  of  bricks  in  a  cubic  foot;  the 
product  wUl  be  the  number  of  bricks  required, 

II.  Divide  the  number  of  cubic  feet  in  th^  work  to  be  done  by 
24.75 ;  the  quotient  wiU  be  the  number  of  perches, 

1.  How  many  perches  of  stone,  laid  dry,  will  build  a  wall 
60  ft.  long,  16^  ft.  high,  and  18  in.  thick  ? 

2.  How  many  perches  of  masonry  are  there  in  a  wall  120  ft 
long,  6  ft.  9  in.  high,  and  18  in.  thick  ? 

8.  What  will  be  the  cost  of  building  a  wall  60  ft  long, 
21J  ft.  high,  and  17  in.  thick,  of  Philadelphia  bricks,  laid  in 
courses  of  mortar  ^  of  an  inch  thick,  at  $  12  J^  per  M.  ? 

4.  A  street  650  ft  long  and  72  ft.  wide,  averages  4.5  ft 
below  grade.     Find  the  cost  of  filling  it  in,  at  $  .42  a  cu.  yd. 

6.  How  much  will  it  cost  to  pave  a  sidewalk  250  ft.  x  12  ft. 
with  N.  R.  bricks,  42  to  a  square  yard,  laid  flat,  at  $  9  per  M.  ? 

6.  Find  the  cost  of  digging  and  walling  the  cellar  of  a  house, 
whose  length  is  41  ft.  3  in.  and  width  33  ft. ;  the  cellar  to  be 
8  ft  deep  and  the  wall  1^  ft.  thick,  if  the  excavating  costs  $  .50 
a  load,  and  the  stone  and  mason  work  $  3.75  a  perch. 
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CAPACITY  OF  BINS,  CISXERHS,  ETC. 

429.  The  Standard  Bushel  of  the  United  States  contains 
2150.42  cubic  inches,  and  is  a  cylindrical  measure  18^  inches 
in  diameter  and  8  inches  deep  (§  315). 

Measures  of  capacity  are  all  cttbk  measores,  solidity  and  capacity 
being  measured  by  different  units,  as  seen  in  the  tables. 

Grain  is  shipped  from  New  York  by  the  quarter  of  480  lb.  (8  U.S. 
bu.),  or  by  the  ton  of  33^  U.S.  bushels. 

It  is  sufficiently  accurate  in  practice  to  call  5  stricken  meatfares  equal 
to  4  heaped  measures. 

Ordinary  anthracite  coal  measures  from  SO  to  40  cu.  ft.  to  the  ton; 
bituminous  coal,  from  86  to  45  cu.  ft.  to  Uie  ton. 

Lehigh,  white  ash,  egg  size,  measures  about  Si\  cu.  ft.  to  the  ton 
(2000  lb.);  Schuylkill,  white  ash,  35  cu.  ft ;  and  gray  or  red  ash,  36 
cu.  ft.  to  the  ton. 

Coal  is  bought  and  sold  in  large  quantities  by  the  ton ;  in  email 
quantities  by  the  bushel,  the  conventionsil  rate  being  28  bu.  (5  pecks)  to  a 
ton,  or  about  43.5  cu.  ft. 

430.  Ganging  is  the  process  of  finding 
the  capacity  or  volume  of  casks  and  other 
vessels. 

Note.  —  For  ordinary  purposes  the  diagonal  rod  is  ased. 
Cask.  vhich  gires  only  approximate  results. 


BzampleB. 

431.  To  find  the  exact  capacity  of  a  bin  in  bnshelB. 

Rule.  —  I.  Divide  the  contents  in  cubic  inches  by  2150.42; 
the  quotient  will  represent  the  ntimber  of  bushels. 

Since  a  stondard  bushel  contains  2150.42  cu.  in.,  and  a  cubic  foot  con- 
tains 1728  cu.  in.,  a  bushel  is  to  a  cubic  foot  nearly  as  5  to  4  ;  or  a  bushel 
is  equal  to  1^  cu.  ft.  nearly.     Hence  for  all  practical  purposes, 

II.   Any  nurriber  of  cubic  feet  diminisHied  by  \  will  represent 
an  equivalent  number  of  bushels. 

Thus,  250  cu.  ft.  —  i  of  250  cu.  ft.  =  200,  the  number  of  bushels  in 
250  cu.  ft. 

III.  Any  number  of  bushels  increcLsed  by  \  will  represent  an 
equivalent  number  of  cubic  feet. 
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Thus,  200  ba.  -f  i  of  200  bn.  =250,  the  number  of  cubic  feet  in  200 
bosbela. 

1.  How  many  bushels  of  wheat  can  be  put  into  a  bin  8  ft. 
long,  6  ft.  6  in.  wide,  and  3  ft.  4  in.  deep  ? 

2.  What  must  be  the  depth  of  a  bin  to  contain  240  bu.,  its 
length  being  10  feet  and  its  width  5  feet  ? 

OPERATIOir. 


240 bu. -h  60 bu.  =  300.      300-i-lO  x  5  =  6 ft,  the  depth  Arts, 

Rule. — Divide  the  comterds  in  cubic  feet  or  iw^ke^  by  Hie  prod- 
uct of  two  dvmenaiona  in  the  same  denomination, 

3.  What  must  be  the  length  of  a  bin  that  is  6  feet  wide 
and  4^  feet  deep  to  contain  324  bushels  ? 

4.  How  many  bushels  of  apples  will  a  bin  hold  that  is  12  ft. 
long,  3  ft  wide,  and  2  ft.  6  in.  deep  ?     How  many  of  barley  ? 

5.  A  bin  20  ft.  long,  12  ft.  wide,  and  5  ft.  deep  is  full  of 
wheat    What  is  its  value  at  $2  a  bushel? 

6.  A  bin  7  ft.  long,  6  ft.  wide,  and  6  ft.  deep  is  |  full  of  rye. 
What  is  its  value  at  $  1.37^  a  bushel  ? 

7.  A  crib,  the  inside  dimensions  of  which  are  15  ft.  by  7  ft. 
4  in.  by  8  ft,  is  full  of  com  in  the  ear.  If  2  bushels  of  ears 
make  1  bushel  of  shelled  corn,  what  is  the  value  of  the  whole, 
when  shelled,  at  $  .92  a  bushel  ? 

8.  If  1  bu.  or  60  lb.  of  wheat  make  48  lb.  of  flour,  how  many 
barrels  of  flour  can  be  made  from  the  contents  of  a  bin  10  ft. 
long,  5  ft.  wide,  and  4  ft.  deep,  filled  with  wheat  ? 

8.  How  many  tons  of  red  ash  coal,  e%^  size,  will  a  bin 
17  ft  long,  6  ft.  wide,  and  3  ft  deep  contain  ? 

10.  Dunkley  &  Co.  bought  12400  bu.  of  wheat,  delivered  in 
New  York  at  $  1.50  a  bushel.  They  shipped  the  same  to 
Liverpool,  paying  6s.  sterling  per  quarter  freight,  and  sold  the 
entire  cargo  at  128.  per  cental.  Making  no  allowance  for  ex- 
change or  for  waste,  what  was  the  gross  gain  in  U.S.  money, 
the  £  being  valued  at  f  4.866^  ? 
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11.  A  bin  6  ft  long,  4  ft  deep,  and  5  ft  9  in.  wide  is  full  of 
Lehigh  white  ash  coal.    Find  its  value  at  $  6.75  a  ton. 

12.  Find  its  value  if  full  of  Schuylkill  white  ash,  at  f  5.90 
a  ton.     If  full  of  Schuylkill  red  ash  at  $  5.50  a  ton. 

13.  What  is  the  weight  of  225  cu.  ft  of  water  ? 

432.  To  find  the  exact  capacity  of  a  vessel  or  space  in  ijraUons. 

Rule. —  Divide  the  contents  in  cubic  inches  by  231  for  liquid 
gallons,  or  by  268.8  for  dry  gallons. 

1.  How  many  gallons  of  water  will  a  cistern  hold,  that  is 
4  feet  square  and  6  feet  deep  ? 

OPERATIOK. 

(4  X  4  X  6  X  1728)  ^  231  =  718f^  gal.,  capacity  Ans. 

2.  How  many  cubic  feet  are  there  in  a  space  that  holds 
48hhd.? 

3.  How  many  hogsheads  will  a  cistern  11  ft  long,  6  ft 
wide,  and  7  ft.  deep  contain  ? 

4.  How  many  gallons  will  a  space  contain  that  is  22.5  ft 
long,  3.25  ft.  wide,  and  6.4  ft.  deep  ? 

6.  A  man  constructed  a  cistern  to  hold  32  hogsheads,  the 
bottom  being  6  ft.  by  8  ft     What  was  its  depth  ? 

6.  A  tank  in  the  attic  of  a  house  is  6  ft.  6  in.  long,  4  ft 
wide,  and  3  ft  6  in.  deep.  How  many  gallons  of  water  will 
it  hold  ? 

7.  If  64  quarts  of  water  are  put  into  a  vessel  that  will 
exactly  hold  64  quarts  of  wheat,  how  much  will  the  vessel 
lack  of  being  full  ? 

8.  If  a  man  buys  10  bu.  of  chestnuts  at  $  5  a  bushe/,  dry 
measure,  and  sells  the  same  at  25  cents  a  quart,  liquid  measure, 
how  much  does  he  gain  ? 

9.  A  cistern  5  ft.  by  4  ft  by  3  ft  is  full  of  water.  If  it  is 
emptied  by  a  pipe  in  1  hr.  30  min.,  how  many  gallons  are 
discharged  through  the  pipe  in  a  minute  ? 


^^/' 
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10.  A  vat  that  will  hold  5000  gallons  of  water,  will  hold 
how  maQy  bushels  of  corn  ? 

11.  A  cellar  40  ft.  long,  20  ft  wide,  and  8  ft.  deep  is  half 
full  of  water.  What  will  be  the  cost  of  pumping  it  out,  at 
6  cents  a  hogshead  ? 

12.  A  reservoir  24  ft.  8  in.  long  by  12  ft.  9  in.  wide  is  fall 
of  water.  How  many  cubic  feet  must  be  drawn  off  to  sink  the 
surface  1  foot  ?    How  many  gallons  ? 

433.   To  find  the  volume  of  a  cask  in  gallons. 

Rule.  —  I.  To  find  approximcUely  the  mean  diameter  of  a 
cask,  add  to  the  head  diameter  |,  or,  if  the  staves  are  biit  little 
curved,  .6  oftlie  difference  between  the  head  diameter  and  the  bung 
diameter, 

II.  To  find  the  volume  of  a  cask  in  gallons,  multiply  the  square 
of  the  mean  diameter  by  the  length  (both  in  inches),  and  this  prod- 
uct  by  .0034. 

1.  How  many  gallons  are  there  in  a  cask  whose  head  diam- 
eter is  24  inches,  bung  diameter  30  inches,  and  its  length  34 
inches? 

OPERATION. 


24  4-  (3()  -  24  X  I)  =  28  in.,  mean  diameter. 
28*  X  34  X  .0034  =  00.63  gal.,  capacity  Ans, 

2.  What  is  the  volume  of  a  cask  whose  length  is  40  in.,  the 
diameters  being  21  and  30  in.,  respectively  ? 

3.  How  many  gallons  are  there  in  a  cask  of  slight  curva- 
ture, 3  ft  6  in.  long;  the  head  diameter  being  26  in.,  and  the 
bung  diameter  31  in.  ? 

4.  Find  the  number  of  gallons  in  a  cask  with  curved  staves, 
the  head  diameter  being  4  ft.,  bung  diameter  4  ft.  6  in.,  and 
length  6  ft.  6  in. 

6.  What  are  the  number  of  gallons  in  a  cask  having  straight 
staves  from  bung  to  head,  the  length  being  20  in.,  the  bung 
diameter  15  in.,  and  head  diameter  12  in.  ? 

BOB.  N£W  HIGHER  AR.  —  17 
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PLASTERING,  PAINTING,  KALS0MININ6. 

434.  Plastering,  painting,  and  kalsomining  are  generally 
computed  by  the  square  yard. 

The  processes  of  calculating  the  cost  of  plastering,  painting,  and  kalso- 
mining Tary  so  much  in  different  localities  that  it  is  Impossible  to  lay 
down  any  rule.  Usually  some  allowance  is  made  for  doors,  windows,  etc., 
on  which  no  work  is  done ;  but  sometimes  the  measurements  of  walls  are 
taken  regardless  of  such  openings.  At  other  times,  one  half  the  area  of 
the  openings  is  deducted. 

Examples. 

435.  1 .  How  much  would  it  cost  to  plaster  the  walls  and  ceil- 
ing of  a  room  16  ft.  long,  15  ft  wide,  and  11  ft.  high,  in  which 
there  are  2  doors,  2  ft.  8  in.  by  7  ft.,  and  2  windows,  2  ft  10  in. 
by  6  ft.  2  in.,  at  9 .37  a  sq.  yd.,  deducting  half  the  area  for 
doors  and  windows  ? 


OPERATlOlf. 

2  X  16  X  11  =  352 

2  X  15  X  11  =  330 

16  X  15  =  240 


SoLUTioif.  —  Two  of  the  walls 
will  be  16  X  11  ft,  two,  16  x  11  ft, 
and  the  ceiling,  16  x  16  ft.  Adding 
these,  we  find  the  total  area  to  be 
022  sq.  ft.  The  area  of  the  two 
doors  will  be  twice  7  x  2f  ft.,  and 
of  the  two  windows  twice  2}  x  6^ 
ft.  Adding  these,  the  area  of  doors 
and  windows  is  72.2.  We  deduct 
half  this  area,  36.1,  from  922,  divide 
the  remainder,  886.0  sq.  ft.,  by  0,  to 
reduce  it  to  square  yards,  multiply 
$  .37  by  the  result,  08.4  sq.  yd.,  and 
find  the  answer  $36.41. 


Total  area,  922  sq.  ft 
2  X  2|  X    7  =  37.3 
2  X  2j^  X  6i  =  34.9 

72.2  -f-  2  =  36.1 
sq.  ft  area  to  be  deducted. 
922  -  36.1  =  885.9  sq.  ft 
885.9  -*-  9  =  98.4  sq.  yd, 
98.4  X  $  .37  =  $  36.41  Ana, 

2.  How  much  would  it  cost  to  plaster  the  walls  and  ceiling 
of  a  room  12  ft  long,  17  ft.  wide,  and  10  ft  high,  at  $  .35  a 
sq.  yd.,  making  no  allowance  for  openings  ? 

3.  How  much  will  it  cost  to  kalsomine  a  hall  6  ft.  6  in.  by 
27  ft.  by  11  ft,  with  two  coats,  at  3^  a  sq.  yd.  each  ? 

4.  How  much  will  it  cost  to  paint  the  walls  and  ceiling  of  a 
room  18  ft.  long,  14  ft  wide,  9  ft.  high,  with  3  coats,  at  $  .07 
a  sq.  yd.  each,  making  no  allowance  for  openings  ? 
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PAPERING. 

436.  Wall  paper  is  sold  only  by  the  roll,  and  any  part  of  a 
roll  is  considered  a  whole  roll. 

American  paper  is  commonly  \  a  yard  wide,  and  has  8  yards  in  a 
roll.  Foreign  papers  vary  in  width  and  length  to  the  roll.  Borders  and 
friezes  are  sold  by  the  yard,  and  vary  in  width  from  3  Inches  to  18 
inches. 

Paper  is  also  often  put  up  in  double  rolls  which  are  16  yards  long  and 
therefore  equal  to  two  single  rolls. 

It  is  not  possible  to  find  in  advance  the  exact  cost  of  papering  a  room, 
since  there  is  frequently  much  waste,  and  a  paper  hanger  will  charge  for 
the  number  of  rolls  actually  used  in  doing  the  work ;  but  it  is  well  to 
make  an  approximate  estimate. 

BzamplM. 

437.  1.  How  much  would  it  cost  to  paper  the  walls  of  a 
room  14  feet  long,  12  feet  wide,  and  8  feet  high  from  baseboard 
to  ceiling,  with  paper  8  yards  long,  and  ^  a  yard  wide,  costing 
$  .30  a  roll  ? 

opEBATioif.  Solution.  —  The  distance  around  the 

2  X  14  =  28  room  is  2  x  14  ft.  +  2  x  12  ft.  =  62  ft. 

2  X  12  =  24  =1^  yd'  =  28  half-yards,  the  number  of 

^  ^  strips  required.     Since  the  height  is  8 

j^^      Q  _  1  ^     A  ^  ^^"^  *°^  there  are  24  ft.  on  a  roll,  1  roll 

5J  -*- 15  =  14  yd.  —  ^11  nM.ke  3  strips ;  and  it  will  take  as 

28  half-yards,  or  strips.  many  rolls  to  make  28  strips  as  3  is 

24  -f-  8  =  3  strips  to  a  roll,  contained  times  in  28,  which  is  9  + 

28  -*-  3  =  9  -f ,  or  10  rolls.  Therefore,  10  rolls  will  be  required.    At 

*  .30  X  10  =  $  3.00  Ans.       *  -^  *  "^"^  ^^®y  ^»"  ^««'  ^  ^•^• 

Rule.  —  I.  Find  the  entire  distance  around  the  room  in  yards. 
Multiply  this  by  2  to  find  the  number  of  half-yards,  or  strips,  since 
the  paper  is  only  half  a  yard  wide. 

II.  Divide  the  number  of  half-yards  by  the  number  of  strips 
that  can  be  cut  from  a  roU,  and  tlie  result  will  be  the  number  of 
rolls  required. 

NOTS.  —  since  there  are  24  ft.  In  a  roll  8  yd.  long,  if  the  distance  from  baseboard  to 
oefliag  fs  8  ft.  or  less,  8  strips  can  be  cut  from  a  roll ;  \t  more  than  8  ft.,  and  not  more  than 
IS  ft.,  S ;  etc.    In  the  former  case  the  divisor  would  be  8 ;  in  the  latter,  S. 
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2.  How  many  double  rolls  of  paper  16  yd.  long,  ^  yd.  wide, 
will  be  required  to  paper  the  walls  of  a  room  30  ft.  long,  30  ft 
wide,  and  12  ft.  from  baseboard  to  ceiling  ? 

3.  Find  the  cost  of  paperin;]^  a  room  16  ft.  long^  15  ft.  wide, 
and  11  ft.  high,  with  American  paper  8  yd.  long,  and  ^  yd. 
wide,  at  $  .50  a  roll,  allowing  1  ft.  for  baseboard,  and  making 
no  deductions  for  openings. 

4.  How  many  rolls  of  paper  8  yd.  long  and  ^  yd.  wide  will 
be  required  to  paper  the  walls  of  a  room  25  ft.  long  and  15  ft 
wide,  and  10  ft.  from  baseboard  to  ceiling,  allowing  for  two 
doors,  9  ft  by  4  ft,  and  one  window,  6  ft.  by  7  ft  ? 

5.  At  $.35  a  roll,  what  will  be  the  cost  of  papering  the 
walls  and  ceiling  of  a  room  18  ft.  long,  14  ft.  wide,  and  10  ft 
high,  making  no  allowance  for  openings,  the  baseboard  being 

9  in.  high  ? 

6.  How  many  rolls  of  paper,  8  yd.  long  and  ^  yd.  wide,  will 
be  required  to  paper  the  walls  of  a  room  20  ft.  long,  16  ft 
wide,  and  having  a  height  of  10  ft.  from  the  baseboard  to  the 
ceiling,  allowing  for  one  door  3  ft  by  8  ft,  and  for  two  windows, 
each  3  ft.  by  6^  ft.? 

7.  Find  the  cost  of  papering  a  room  20  ft  long,  18  ft  wide, 

10  ft.  high  from  baseboard,  with  paper  20  in.  wide,  16  yd.  in 
a  roll,  at  $  3.25  a  roll,  and  a  border  at  25  cents  per  running 
foot ;  allowing  for  a  fireplace  4 J  ft  by  3^  ft.,  a  door  7  ft.  by  4 
ft.,  and  2  windows,  each  6  ft.  by  4  ft.,  but  making  no  allowance 
for  border. 

8.  Find  the  cost  of  papering  a  room  25  ft  long,  19  ft.  wide, 
10  ft.  high  from  baseboard  to  ceiling,  with  paper  ^  yd.  wide, 
8  yd.  in  a  roll,  at  $  .85  a  roll ;  allowing  for  2  doors,  each  7  ft 
high,  3  ft.  wide,  and  for  3  windows,  each  5  ft.  9  in.  high  and 
3^  ft  wide. 

9.  Find  the  cost  of  papering  a  room  18^  ft.  long,  16^^  ft 
wide,  and  12  ft.  high  with  American  paper  8  yd.  long  and  |  yd. 
wide,  at  9  -75  a  roll,  allowing  1  ft.  for  baseboard,  and  making  a 
deduction  of  9  3.00  for  doors  and  openings. 
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CARPETING. 

438.  Carpets  are  usually  1  yd.  wide  or  f  yd.  wide^  and  are 
aold  by  the  yard. 

Nan.  —  Wa  cannot  often  estimate  the  amount  needed  by  flndlof  the  aquare  yards  in  a 
floor,  as  there  may  be  waste  in  matching  or  in  turning  ander. 

Sxamplea. 

439.  1.  How  many  yards  of  carpet  f  yd.  wide  will  be  needed 
for  a  room  20  ft.  long  by  13  J  ft.  wide,  if  the  strips  run  length- 
wise ?    How  much  if  the  strips  rim  across  the  room  ? 

OPERATION.  Solution. — Since  the  carpet 

13^  ft.  =  162  in.     20  ft  =  240  in.      to  27  in.  wide  and  the  room  13J 

162  ^  27  =  6  strips.  ?*•  Zl  ^?^  ''''  ^'^u' n"^^^" I'^t 

fti/v      o/.      /.*   1     ^i_    J?   1.  •  lengthwise   we   shall   need    6 

240  -!-  36  =  6|,  length  of  stnps.         breadths  of  carpet  of  the  re- 

6  X  6}  =  40  yd.,  lengthwise.  Ans.     quired  length.    And  since  the 

240-s-27  =  8+=9  strips.  ^^^  ^  20  ft.  or  240  in.  long, 

162  ^  36  =  H,  length  of  strips.         '::S[^"J7m^yZ 
9  X  4J  =  40J  yd.,  crosswise.  Ans.      is  contained  times  in  240  in., 

or  Of  yd.   Hence  for  6  breadths, 
or  strips,  it  will  require  6x6}  yd.,  or  40  yd. 

If  laid  crosswise,  we  shall  need  as  many  strips  as  27  in.,  the  width  of 
the  carpet,  is  contained  times  in  240  in.,  the  length  of  the  room,  which  is 
8} ;  therefore  we  shall  need  9  strips,  and  ^  will  be  turned  under.  We  shall 
need  as  many  yards  for  each  strip  as  36  in.,  or  1  yd.,  is  contained  in  1G2 
in.,  which  is  4^  yd.    Hence  for  0  strips  we  need  9  times  4}  yd.,  or  40^  yd. 

Rule.  —  Find  the  number  of  breadths  or  strips  required^  and 
the  lenffth  of  eacJi  strip. 

2.  How  many  yards  of  carpet,  1  yd.  wide,  will  be  needed  for 
a  room  18  ft.  square,  if  the  strips  run  lengthwise  ?    Crosswise  ? 

3.  Find  the  cost  of  carpeting  a  room  16^  ft.  long  and  15 
ft.  wide  with  carpet  J  yd.  wide,  lengthwise,  at  9 1-30  per  yard. 

4.  Find  the  cost  of  a  carpet  J  yd.  wide,  at  $  1.50  per  yard, 
for  a  room  17  ft.  long  and  14^  ft.  wide,  there  being  a  waste 
of  1  yd.  in  matching  the  pattern,  and  the  carpet  layer  having 
been  instructed  to  lay  the  carpet  in  the  most  economical  way. 

5.  How  many  meters  of  carpet  S**™  wide  will  be  required 
for  a  floor  7"  long  and  3"*  wide  ? 
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TKKPBRATDHX. 

440.  Since  most  bodies  expand  in  proportioD  to  the  amoant 
of  heat  applied,  we  measure  heat  or  temperature  by  means  of  a 
Thermometer,  which  registers  in  degrees  the  expansion  of  a 
bulb  of  mercury,  or  alcohol,  etc. 

The  three  thermometers  in  general  use  are  the  Fahrenlielt  (F.), 
the  CentlgTode  (C),  and  the  Rtanmor  (K.),  each  of  which  is 
/^^         baaed  on  a  different  scale. 

The  Fahrenheit  thermometer  ia  ao  graduated  tb&t  the 
freezing  point  of  water  is  at  32°  above  tbe  zero  of  the 
scale  and  the  boiling  point  at  212'^  above  zero,  tbe  <lu- 
tance  between  being  180°.  It  Is  commonl;  used  in  the 
United  SlateB  and  in  England. 

In  the  Ceutigrade  thermometer  the  freezing  pouit  of 
water  la  at  zero  and  the  boiling  point  at  100°  above  zero. 

In  the  Sianmur  thermometer  the  freezing  point  is  U 
zero  and  the  boiliiig  point  at  B0°  above  zero.     Hence, 

1°  P.  =  J  jS°  C.  =  i°  C.  and  ^^(°  R.  =  i°  R.       . 
1°  C.  =  iW  F.  =  j°  F.  and  TVi,°  B.  =  J°  B. 

1°  R. = w°  f  ■ = i°  *■■  *"**  isr  C. = i°  C. 

Examplea. 
441.  To  reduce  from  one  scale  to  another. 

1.  Express  98°  Fahrenheit  in  the  Centigrade 

scale. 

SOLDTION.  —  »8°      F,      Is 

OPBRATiojt.  ago    ^fcove    tbe    freeing 

98°  -  32°  =  06°  point.    Since  1°F.  =  !°C., 

66x4''C.=  36rC.^ns.  «'°^F.=a6x|°G.=36]=C. 

2.  Express  25°  Centigrade  in  the  Fahrenheit 

scale. 


25  X  f : 
46° +32 


=  45°  F.  above  freezing  point 
=  77°  F.  Ans. 


=16°  F.  above  freezing  point.    S2°  +  46°  =  77°  F.  Aa*. 
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8.  Express  98"*  F.  in  the  K.  scale,  and  24^  K.  in  the  F.  scale. 

Solution. —98<^    F.  is 
OPERATION.  ^o  above  freezing  point. 

08'  -  32**  =  66**  F.  above  freezing  point  1^  F-  =  i°  «•    ««  x  J^  R. 

66xrR.  =  29rR.  ^n*.  "  ?"r^*4"'' F-     24  x 

24  X  J**  F.  =  54**  F.  above  freezing  point  ^  F.  =  64°  F.  above  freez- 

54**  +  32**  =  86**  F.  Ans.  i««  P^^^     ^°  +  3^°  = 

86°  F.  Aiu. 

4.  Express  15**  C.  in  the  S.  scale,  and  12**  B.  in  the  C.  scale. 
opEEATiox  Solution. — Tlie  freezing  point  is  the  same 

1KS.40T?       190W     j„     i"  these  two  scales.   10C.  =  JO  R.;  15x1°  R. 
15  X  I  K  =  12  B.  Ans.  ^  y^  r   ^^ 

12  X  I"*  C.  =  15**  C.  Ans.      1°  R.  =  |°  C;  12  x  J®  C.  =  16°  C.  Ans. 

Bulb.  —  I.  To  change  from  F.  to  C,  subtract  32**  and  multiply 
by  { ;  from  F.  to  R.j  subtract  32**  and  multiply  by  ^, 

XL  To  change  from  C  to  F.,  multiply  by  f  and  add  32^  ^  from 
C  to  R,,  multiply  by  ^. 

III.  To  change  from  M.  to  F,,  multiply  by  |  and  add  32**;  from 
R.  to  C.f  multiply  by  |. 

NoTB.  —  The  xninoB  aign  b  oaed  in  the  ezamplea  to  Indicate  degrees  below  xero. 

Express  in  the  Centigrade  scale : 

6.   212**  F.         7.    -20**F.         9.   80**  F.  11.    -3*^  F. 

6.   80**  B.  8.    -20**B.      10.   60**  F.  12.    -35*'B. 

Express  in  the  Fahrenheit  scale  : 

13.  100**  C.       15.  0**C.  17.    -10**  C.       19.   95**  B. 

14.  80**  B.         16.   0*^B.  18.    -15**  B.       20.   72**  C. 

Express  in  the  B^aumur  scale : 

21.  60**  F.         23.    -25**F.      26.    -30**  C.       27.    212**  F. 

22.  65**  C.         24.    80**  C.  26.    100**  F.  28.    100°  C. 

29.  On  a  day  in  July  a  Centigrade  thermometer  registered 
35**  in  the  sun.  Express  this  by  the  Fahrenheit  scale ;  by  the 
B^umur  scale. 

30.  The  record  of  a  patient's  temperature  by  the  Fahrenheit 
thermometer  was  as  follows:  9  p.m.,  98J^**;  10  p.m.,  99"; 
11  P.M.,  100** ;  12  M.,  98|**.  Find  his  average  temperature  for 
the  four  hours  in  each  of  the  three  scales. 
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SPECIFIC  GRAVITY. 

442.  The  specific  gravity  of  a  substance  is  its  weight  com- 
pared with  an  equal  bulk  of  water.  Thus,  if  a  substance  is 
twice  as  heavy  as  water,  its  specific  gravity  is  2,  etc. 

The  following  table  gives  the  specific  gravity  of  a  number  of 
substances : 


Liquids. 

Water 1.00 

Alcohol,  pure  ...    .79 

Olive  Oil 92 

Turpentine 9U 

Wine 1.00 

Cider 1.02 

Cow's  Milk  ....  1.03 

TlMBZR. 

Cork .24 

Poplar 38 

Maple 75 

Beech 85 

Mahogany 1.06 

Oak 1.17 


Mktals  aud  Stonbb. 

Granite 2.78 

Diamond 3.53 

Zmc 6.91 

Cast  Iron    ....    7.21 

Bar  Iron 7.79 

Tin 7.29 

Steel 7.83 

Brass 8.40 

Copper 8.95 

Silver 10.47 

Lead 11.35 

Mercury 13.57 

Gold 19.26 

Platinum 22.07 


Indigo 77 

Ice 92 

Gunpowder 93 

Butter 94 

Clay 1.2© 

Coal 1.30 

Opium 1.34 

Honey 1.45 

Ivory 1.83 

Sulphur 2.03 

Porcelain 2.26 

Marble 2.70 

Chalk 2.79 

Glass 2.89 


443.  A  cubic  foot  of  water  weighs  62^  lb.  or  1000  oz. 
avoirdupois.  A  cubic  centimeter  of  water  weighs  1  gram. 
A  cubic  decimeter  or  liter  of  water  weighs  1  kilogram.  A 
cubic  meter  of  water  weighs  a  tonneau  or  metric  ton. 

Principle.  —  The  specific  gravity  of  water  or  of  any  svbstance 
is  the  same  as  tJie  number  of  grams  in  a  cubic  centimeter  of  the 
substance,  the  number  of  kilograms  in  a  cubic  dedmeter,  or  liter, 
or  the  number  of  metric  tons  in  a  cubic  meter. 

444.  To  find  the  specific  gravity  of  a  substance  we  must 
know  the  weight  of  the  same  volume  of  water.  When  a  sub- 
stance heavier  than  water  is  immersed  in  water,  the  water 
buoys  it  up  or  makes  it  as  much  lighter  as  the  weight  of  the 
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volume  of  water  it  displaces.    Hence  it  is  easy  to  find  the 
weight  and  volume  of  water  displaced. 

Examples. 

445.  To  find  the  volume  of  a  substance  when  its  weight  in  air 
and  water  are  given. 

1.  A  piece  of  lead  weighs  1418|  lb.  when  suspended  in  air. 
In  water  it  weighs  1293|  lb.     What  is  its  volume  ? 

orBRATiox.  Solution.  —  The  weight  of  water 

14181  lb.  -  1293f  lb.  =  125  lb.  rra^d^ilVi  TLtl 

125  -fr.  62 J  =  2  cu.  ft.  Ans,      ft.,  126  lb.  =  125  -^  621  =  2  cu.  ft. 

Siuce  the  lead  displaces  2  cu.  ft.  of 
water,  its  own  volume  must  be  2  cu   ft. 

2.  A  piece  of  lead  suspended  in  air  weighs  283.75*.  In 
water  it  weighs  258.75*.     What  is  its  volume  ? 

OPERATION.  Solution.  — The  weight  of   water   dis- 

283.75*  —  258.75«  =  25«     placed  is  25k,  and  since  1«  of  water  has  a  vol- 
25«  =  25*"  ""  Ans,       ^»e  o^  i*^" •""%  25«  =  25e»c«. 

Rule.  —  I.  Find  the  difference  in  pounds  between  the  weight  in 
air  and  water,  and  divide  this  by  62^.  Tlie  result  will  be  the 
volume  of  the  substance  in  cubic  feet 

II.  Pind  the  difference  between  the  weight  in  air  and  water 
expressed  in  grams,  kilograms,  or  tonneaus,  Tlie  result  will  be 
the  same  as  the  volume  expressed  in  cubic  centimeters,  cubic  deci- 
meters, or  cubic  meters,  respectively. 

NoTB.  —  If  the  dilTerenoe  between  the  weight  In  air  and  water  Js  expressed  in  ounces, 
divide  this  difference  by  1000,  and  the  quotient  will  be  the  volume  in  cubic  feet. 

3.  A  quantity  of  rock  salt  weighs  4.52'''  in  air,  and  2.52*^  in 
water.     What  is  its  volume  ? 

4.  A  quantity  of  brass  weighs  8400  oz.  in  air,  and  7400  oz. 
in  water.     AVhat  is  its  volume  ? 

5.  What  is  the  volume  of  a  piece  of  brass  which  weighs 
4200  lb.  in  air,  and  3700  lb.  in  water  ? 

6.  If  a  piece  of  quartz  suspended  in  air  weighs  92.75*,  and  in 
water  67.75«,  what  is  its  volume  ? 
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446.  To  find  the  specific  grayity  of  a  substance  when  its  weight 
in  air  and  water  are  given. 

1.  What  is  the  specific  gravity  of  the  lead  in  Ex.  1,  §  445  ? 

OPERATION. 

1418|  lb.  -  1293}  lb.  =  125  lb.  water  displaced. 
1418|  +  125  =  11.35  Sp.  G.  Ans. 

Solution.  —  The  water  displaced  =  126  lb.,  and  since  a  volume  weigh- 
ing 1418|  lb.  displaces  an  equal  volume  of  water  weigliing  126  lb.,  tiie 
substance  must  be  1418.75  •«-  126  =  11.36  times  as  heavy  aa  water.  Hence 
its  specific  gravity  must  be  11.36. 

2.  AVhat  is  the  specific  gravity  of  the  lead  in  Ex.  2,  §  445  ? 

OPERATION.  Solution. —The  water  displaced 

=  26  grams,  and  since  a  volume 
283.75«  —  258.75«  =  25«  weighing  283.7&K  displaces  26k  of 

283.75 ^25  =  11.35  Sp.G.  Jns.  Td'^^ylsfJ^T''''''^ 
B.ULE.  —  Divide  tJie  weigJU  in  air  by  the  loss  of  weigJU  in  water. 

3.  A  piece  of  brass  which  weighs  4200  lb.  in  air  weighs 
3700  lb.  in  water.    What  is  its  specific  gravity  ? 

4.  A  piece  of  quartz  suspended  in  the  air  weighs  92.75*;  in 
the  water  it  weighs  57.75'.     What  is  its  specific  gravity  ? 

5.  What  is  the  specific  gravity  of  a  quantity  of  rock  salt 
weighing  4.52*^  in  air,  and  2.52'''  in  water  ? 

6.  What  is  the  specific  gravity  of  a  quantity  of  brass  weigh- 
ing 8400  oz.  in  air,  and  7400  oz.  in  water. 

447.  To  find  the  specific  gravity  of  a  substance  when  its  weight 
and  volume  are  given. 

1.  A  block  of  marble  containing  5  cu.  ft.  weighs  843.75  lb. 
What  is  the  specific  gravity  of  marble  ? 

Solution.  — 6  cu.  ft.  of  water 
operation.  weigh  6  x  62.6  lb.  =  312.6  lb. 

5  X  62.5  lb.  =  312.5  lb.  ^""«^  "°*"^^*'  *^,"  ""^o^o 'f  ? 

aa  heavy  as  water  as  312.6  is 

843.75  -h  312.5  =  2.7  Sp.  G.  Ans.     contained  times  in  843.76,  which 

is  2.7,  the  specific  gravity. 
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2.   What  is  the  specific  gravity  of  marble  if  25*"^  weigh 

67.5«  ? 

OPBRATIOK.  SoLUTiow.  —  25«" «™  of   Water  weigh    25* 

A7  K      OK  _.  9  7  Q      r*      ^^  443).     Hence  marble  must  be  as  many 
O7.0  +  Jo  —  -J.7  fc>p.  Ct.    ^imgg  j^g  heavy  as  water  as  26  is  contained 

Ans,  times  in  67.5,  which  is  2.7,  the  specific  gravity. 

KuLE.  —  I.  ijf  the  weiglU  and  volume  are  expressed  in  pounds 
and  cubic  feety  multiply  62^  W.  by  tlie  number  expressing  the 
volume,  and  divide  the  given  weigJU  by  the  product. 

II.  If  the  weight  and  volume  are  expressed  in  grams  and  cubic 
centimeters,  divide  the  number  expressing  the  weight  by  tluU  ex- 
pressing tJie  volume. 

Notes.  —  1.  If  the  weight  is  expressed  in  onnces,  maltiply  the  volame  in  cable  feet  by 
1000,  and  dlYide  the  given  weight  by  the  product. 

S.  If  the  weight  is  expressed  in  kilograms,  divide  by  the  number  expressing  the  rolome 
in  eoblo  decimeters ;  if  in  tonnesas,  by  the  number  expressing  the  volume  in  cubic  meters 
(S44S,Prin.). 

Find  the  specific  gravity  of : 

8.  Ether,  if  2|  cu.  ft.  weigh  112^  lb. 

4.  Naphtha,if5~«"  weigh  4.25«. 

5.  Marble,  if  66.64«'^°»  weigh  152.928'^. 

6.  Ebony,  if  8  cu  ft.  weigh  595  lb. 

7.  If  a  decaliter  of  sea  water  weighs  10. 3"^,  what  is  its  spe- 
cific gravity  ? 

8.  If  13  cu.  ft.  of  chalk  weigh  2266^  lb.,  what  is  the  specific 
gravity  of  chalk  ? 

9.  If  8  cu.  ft  of  lead  weigh  5675  lb.,  what  is  the  specific 
gravity  of  lead? 

448.  To  find  the  weight  of  a  substance  when  its  yolume  and 
specific  grayity  are  given. 

1.   Find  the  weight  of  16  cu.  ft.  of  copper,    the  specific 

gravity  being  8.95. 

^«-«.-.,^«  Solution.  —  Since  1   cu. 

OPERATIOK.  **        *  *  •    u      AAi     IV 

ft.  of  water  weighs  62]^  lb. 
16  X  62.5  lb.  X  8.95  =  8950  lb.  Ans.    16  cu.  ft.  will  weigh  16  x  62  J 

lb. ;  and  since  copper  is  8.96 
aa  heavy  as  water,  16  cu.  ft.  of  copper  will  weigh  16  x  8.95  x  62.6  lb.  = 
8960  lb. 
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2.  Find  the  weight  of  120*"*"  of  copper. 

Solution.  —  Since  l"*  «■  of  water  weigl« 
opBRATiox.  1«,  120c««»  weigh  120«,  and  since  copper 

tof\M      Q  o-       ^f\'*4      A  ^  ^'^^  times  as  heavy  as  water,  the  same 

120»  X  8.9o  =  10<  4«  Ans,    amount  of  copper  will  weigh  8.96  x  120f = 

1074K. 

Rule.  —  1.  If  t?ie  votiune  w  expressed  in  cubic  feet,  mulHply 
G2J^  lb,  by  the  number  expressing  tJie  volunie,  and  the  product  by 
tJie  specific  gravity,     TJie  result  iviU  be  the  weight  in  pounds. 

II.  If  the  volume  is  expressed  in  cubic  centimeters,  multiply 
the  number  expressing  the  volume  by  the  specific  gravity.  The 
result  wiU  be  tJie  weight  in  grams. 

NoTxs.  —  1.  If  the  volaine  in  cubic  feet  is  multiplted  by  1000  and  the  product  \ty  tbe 
Bpedftc  gravity,  the  result  wlU  be  the  weight  in  ounces. 

2.  If  the  Tolume  is  expressed  in  cubic  decimeters,  the  result  after  multiplying  by  the 
speciflo  gravity  will  be  the  weight  in  kilograms ;  If  in  cubic  meters,  the  result  will  be  the 
weight  in  tonneaus  (§  448,  Piin.). 

8.  Consult  the  table  on  p.  264  for  specific  gravities  not  given. 

3.  Find  the  weight  in  pounds  of  22.J^  cu.  ft.  of  tnrpentine, 
its  specific  gravity  being  .99. 

4.  The  specific  gravity  of  maple  wood  is  .75.     What  is  the 
weight  in  pounds  of  780  cu.  ft. 

6.   The  specific  gravity  of  bar  iron  is  7.79.    Find  the  weight 
in  tonneaus  of  925^=""  of  it.  * 

6.  Find  the  weight  in  ounces  of  25*°*™  of  opium,  its  specific 
gravity  being  1.34. 

7.  How  many  ounces  will  25  cu.  in.  of  sulphur  weigh  ? 

8.  What  will  be  the  weight  in  kilograms  of  650'^^  of 
butter  ? 

9.  Find  the  weight  in  kilograms  of  a  bar  of  silver  4*"  long, 
l.S**"  wide,  and  l**™  thick. 

10.  What  is  the  weight  of  15  cu.  ft.  of  alcohol  ? 

11.  Wliich  is  the  haavier  and  how  much,  10  cu.  ft.  of  olive 
oil  or  8  cu.  ft.  of  cider  ? 

12.  Find  the  weight  in  grams  of  5000"***"  of  cork. 

13.  Find  the  weight  in  poimds  of  19  cu.  ft.  of  lead. 
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449.  To  find  the  volume  of  any  substance  when  its  weight  and 
specific  gravity  are  given. 

1.  Find  the  number  of  cubic  feet  in  a  block  of  marble  weigh- 
ing 843.75  lb.,  the  specific  gravity  of  marble  being  2.7. 

OPERATION.  Solution.  —  Since   one   cubic 

2.7  X  62.5  lb.  =  168.75  lb.  |*'  »*  iT7l*,r'lI^  ^;\^  ^'^-l 

i^CT       K        f      A  lb.,  or  168.76  lb.,  843.75  lb.  wiU 

843.  i  5  -s-  loo.  <  o  =  5  cu.  ft.  Arts,     y^  ^jjg  weight  of  as  many  cu.  ft. 

as  168.75  is  contained  times  in  843.75,  or  5  cu.  ft. 

2.  How  many  cubic  centimeters  are  there  in  a  piece  of 
marble  weighing  675  ■  ? 

opESATiox.  Solution.  —  Since  marble  is  2.7  times 

i^TK^OT      OKf\cntm    A^^     ^  ^^"^^  ^  ^*^''»  ^  *" ""  ^^  marble  weighs 
D^O-!-.:.^  ^Z&^         jins,    2.7K  (§443,  Friu.),  and  675«  must  be 

the  weight  of  as  many  cubic  centimeters  as  2.7  is  contained  times  in 
675,  or  250««». 

KuLE.  —  I.  If  the  weiglU  is  expressed  in  pounds,  multiply  62^ 
lb.  by  the  specific  gravity  and  divide  tJie  number  expressing  the 
weiglU  by  the  product.  The  quotient  will  be  the  volume  expressed 
in  cubic  feet. 

II.  If  tJie  weiglU  is  expressed  in  grams,  divide  the  number  ex- 
pressing the  weigJit  by  tJie  specific  gravity;  the  quotient  will  be  the 
volume  expressed  in  cubic  centimeters. 

Notes.  —  1.  If  the  weight  Is  expressod  in  oances,  tnuUipIy  the  spectflo  gravity  by  1000, 
divids  the  weight  by  the  result,  and  the  qaotient  will  be  the  answer  In  cubic  feet. 

2.  If  the  weight  is  expressed  in  kilograms,  divide  by  the  8i)«cific  gravity  and  the  quotient 
wHl  be  in  cable  decimeters.  If  the  weight  Is  expressed  in  tonneaus,  divide  by  the  speciAo 
gravity  and  the  quotient  will  be  the  answer  in  cubic  meters. 

Find  the  volume  of : 

3.  350  lb.  of  steel.  6.  32'''  of  cast  iron. 

4.  875'^«  of  indigo.  7.  6112  oz.  of  copper. 

6.   3'"'  of  gunpowder.  8.  465'^*  of  chalk. 

9.   How  many  cubic  centimeters  are  there  in  a  piece  of  gold 
weighing  77.04«^  ? 

10.  How  many  decaliters  of  alcohol  will  weigh  SeO'^*  ? 

11.  The  specific  gravity  of  ivory  being  1.83,  find  the  volume 
of  a  quantity  of  ivory  weighing  800 1  lb. 


RATIO. 


450.  Ratio  is  the  measure  of  the  relation  between  two  like 
numbers  with  respect  to  comparative  value. 

NoTB.  —  There  are  two  methods  of  comparing  numbers  with  reapeot  to  Talae ;  Ist,  by 
subtracting  one  from  the  other ;  8d,  by  dividing  one  by  the  other.  -  The  ration  expressed 
by  the  difference  is  sometimes  called  arithmetical  raiio^  and  the  relation  ezpreaaed  by  the 
quotient,  geometrical  ratio. 

When  one  number  is  compared  with  another,  as  12  with  4,  by  means 
of  division,  thus,  12  +  4  =  3,  the  quotient,  3,  shows  the  relative  value  of 
the  dividend  when  the  divisor  is  considered  as  a  fi;tt'^  or  tftandard.  The 
ratio  in  this  case  shows  that  12  is  3  times  4  ;  that  is,  if  4  is  regarded  as  a 
unit,  12  will  be  3  units,  or  the  relation  of  12  to  4  is  that  of  3  to  1. 

461.   Katio  is  indicated  in  two  ways : 

1.  By  placing  two  points  between  the  two  numbers  compared,  writmg 
the  divisor  before  and  the  dividend  after  the  points.  Thus,  the  ratio  of 
8  to  24  is  written  8 :  24  ;  the  ratio  of  7  to  6  is  written  7 : 6. 

2.  In  the  form  of  a  fraction.  Thus,  the  ratio  of  8  to  24  may  be  written 
^'j ;  of  7  to  6,  f 

452.  The  Terms  of  a  ratio  are  the  numbers  compared.  The 
first  term  or  the  dividend  is  the  Antecedent ;  the  second  term 
or  the  divisor  is  the  Consequent.  The  two  terms  together  form 
a  Couplet. 

Non.  —  The  antecedent  Is  the  number  to  be  compared  with  the  consequent  as  a  unit  or 
standard. 

453.  The  Value  of  a  ratio  is  the  quotient  of  the  antecedent 
divided  by  the  consequent,  and  is  an  abstract  number. 

Thus,  in  the  ratio  $24  :  $6,  $24  is  Uie  antecedent,  $6  is  the  consequent-, 
and  4,  the  quotient  of  f  24  •?-  $6,  is  the  value  of  the  ratio. 

Note.  —  Some  authorities  cUim  that  the  Talae  of  the  ratio  is  found  by  dividing  the  con- 
sequent by  the  antecedent.  This  is  erroneously  called  the  J'V'ench  method^  as  the  most 
eminent  French  mathematicians  teach  the  reverse.  The  weight  of  argument  is  in  Ihvor  of 
the  old  method  given  above. 
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454.  A  Direct  Ratio  arises  from  dividing  the  antecedent  by 
the  consequent. 

455.  An  Inyerse  or  Reciprocal  Ratio  is  obtained  by  dividing 
the  consequent  by  the  antecedent.  The  reciprocal  of  a  ratio 
equals  1  divided  by  the  ratio. 

Thas,  the  direct  ratio  of  5  to  15  is  ^  =  }  ;  and  the  inverse  ratio  of  6  to 
16  is  Jj^  =  3. 

Kom.  — 1.  When  the  nnroentor  and  danominator  of  a  fraction  are  interchanged,  the 
fraction  ia  aald  to  be  inTerted ;  and  in  the  same  way,  when  the  antecedent  and  consequent 
are  interchaoged,  the  ratio  is  called  an  inverM  ratio, 

S.  One  qoantitj  is  said  to  vary  dirsetly  as  another,  when  the  two  increase  or  decrease 
together  in  the  same  ratio ;  and  one  quantity  is  said  to  vary  invernely  as  another,  when 
one  increases  in  the  same  ratio  as  the  other  decrease.  Thus  time  yaries  directly  as  wages ; 
that  is,  the  greater  the  time  the  greater  the  wages,  and  the  less  the  time  the  less  the  wages. 
Again,  Telocity  Taries  inversely  as  the  time,  the  distance  being  fixed  ;  that  is,  in  traveling 
a  giren  distance,  the  greater  the  velocity  the  less  the  time,  and  the  lesa  the  velocity  the 
greater  the  time. 

456.  A  Simple  Ratio  is  the  ratio  between  two  terms  and 
consists  of  a  single  couplet ;  as  3 :  12. 

457.  A  Componnd  Ratio  is  the  ratio  of  the  corresponding 

terms  of  two  or  more  simple  ratios.     It  consists  of  two  or  more 

couplets  the  products  of  whose  corresponding  terms  form  a 

simple  ratio. 

When  the  nialtiplication  is  performed  in  a  compound  ratio,  the  result 
is  a  simple  ratio,  llius,  the  compound  ratio  formed  from  the  simple 
ratios,  8 : 4  and  0 :  12  may  be  expressed 

(8:4)x  (9: 12)  or,  8  x  9:4  x  12  =  72  : 48,  or 
J;J}  =  72:48,ortxA=i=3:2. 

458.  Ratio  can  exist  only  between  like  numbers  or  between 
two  quantities  of  the  same  kind.  In  the  comparison  of  like 
numbers  we  observe  that : 

If  Uie  numbers  are  simple,  whether  abstract  or  concrete,  their  ratio 
may  be  found  directly  by  diyision. 

Compound  denominate  numbers  must  first  be  reduced  to  the  same  unit 
or  denomination. 

If  the  numbers  are  fractional,  and  haye  a  common  denominator,  the 
fractions  will  be  to  each  other  as  their  numerators;  if  they  have  not 
a  common  denominator,  their  ratio  may  be  found  either  directly  by 
dividing  the  first  by  the  second,  or  by  reducing  them  to  a  common 
denominator  and  comparing  their  numerators. 


Nan.  —  Though  ntlo  oui  eilnt  on))'  between  numbers  af  the  nuie  kind,  one  of  two 
unlike  nunbeni  may  t-iitf  dIrioUjf  m limriaiii n*  the  other.  Thus  coat  nrlei  directly u 
quutlty  In  the  puRhue  orguoda  ;  time  virtea  Inverwly  u  veloelly  In  the  dee«nt  at  UUsf 
bodies.    In  audi  cues  the  qiuotltleii.  thuugh  unlike  In  bind,  luTe  a  mntnil  dependenrt. 

459.  Since  the  antecedent  Is  a  dividend  and  the  consequent 
a  divisor,  any  chants  in  either  or  both  terms  will  be  governed 
by  the  general  principles  of  division  (§  169).  We  have  only  to 
substitute  the  terms  antecedent,  consequent,  and  ratio,  for  divi- 
dend, divisor,  and  quotient,  and  these  principles  become  simple. 

Principles.  —  I.  Multiplying  Cite  antecedent  multiplies  llie 
ratio;  dividing  Uie  aiUecedetU  divides  the  ratio. 

11.  Multiplying  the  conitequeiU  divides  tlte  ratio;  dividiiig  tJie 
consequent  multiplies  the  ratio. 

Ill,  Multiplying  or  dividing  both  antecedent  and  co)tsequeiU 
by  tfie  same  nwnAer  does  not  alter  t/ie  ratio. 

These  three  principles  may  be  embraced  in  one  law. 

General  Law.  —  A  change  in  the  antecedent  produces  a  likk 
dtangc  in  (lie  ratio;  but  a  change  in  tlie  consequent  produces  an 
OPPOSITE  change  in  tlte  ratio. 

460.  Since  the  riUio  of  two  numbers  is  equal  to  the  antece- 
dent divided  by  the  consequent,  it  follows  that 

Principle.  —  Tlie  antecedeid  is  equal  to  the  consequent  midti- 
plied  by  the  ratio,  aiui  llie  consequent  is  equal  to  the  antecedent 
di aided  by  the  ratio. 

461. 

1.  80:120?  3.    26:tTj?  5.    .f^ij? 

2.  60:8|?  4.    21:7^?  6.    120  rd. :  1  mi.  ? 
7-   Find  the  recipi-ocal  of  the  ratio  of  42  to  28. 

Find  the  missing  tenn: 

8,  Ant.    15  Ratio  f  10.   Cons.  0.12J  Katio  25. 

9.  Cons,  ,tj  Ratio  7.  11.    Ant     j  Ratio  J^. 

12.  If  the  antecedent  is  J  of  J  aud  the  consequent  ."S,  what 
is  the  ratio  ? 


PROPORTION. 


462.  Proportion  is  a  comparison  of  equal  ratios.  Thus,  the 
ratios  10 : 5  and  12 : 6,  each  being  equal  to  2,  may  form  a  pro- 
portion. 

463.  Projiortion  is  indicated  in  three  ways : 

1.  By  a  doable  colon  placed  between  the  two  ratios ;  tliuB,  .3  : 4  : :  0  :  12 
expresses  the  proportion  between  the  numbers  3,  4,  9,  and  12,  and  is 
read,  3  is  to  4  as  9  is  to  12. 

2w  By  the  sign  of  equality  placed  between  two  ratios ;  thus,  3:4  = 
9 :  12  expresses  proportion,  and  may  be  read  as  above,  or,  the  ratio  of 
3  to  4  equals  the  ratio  of  9  to  12. 

3.  By  employing  the  fractional  method  of  indicating  ratio ;  thus,  f  =  A 
indicates  proportion,  and  may  be  read  like  either  of  the  above  forms. 

464.  Since  each  ratio  consists  of  two  terms,  every  propor- 
tion must  consist  of  at  least  foiur  terms. 

NoTB.  — Eaeh  rmtio  U  called  a  eoupM  and  each  term  a  proportionaJ. 

465.  The  Antecedents  of  a  proportion  are  the  first  and  third 
terms,  that  is,  the  antecedents  of  its  ratios.  The  Consequents 
of  a  proportion  are  the  second  and  fourth  terms^  or  the  conse- 
quents of  its  ratios. 

466.  The  Extremes  are  the  first  and  fourth  terms.  The 
Means  are  the  second  and  third  terms. 

467.  Tliree  niunbers  are  proportional  when  the  first  is  to 
the  second  as  the  second  is  to  the  third.  Thus,  the  numbers 
4,  6,  and  9  are  proportional,  since  4 : 6 : :  6 :  9,  the  ratio  of  each 
couplet  being  |. 

468.  In  a  proportion  in  which  the  means  are  equal,  either 
mean  is  called  a  Mean  Proportional  between  the  first  and  fourth 
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terms.  Thus,  in  4 : 6 : :  6 : 9,  6  is  a  mean  proportional  between 
4  and  9. 

469.  From  the  nature  of  ratio  and  proportion  we  derive  the 
following  principles ; 

Principles. —  I.  Inevery  proportion  the  product  of  ^emeana 
is  equal  to  the  product  of  the  extremes. 

For  in  15 : 3 : 1 30  : 4,  Y  =  V-    Redncing  tho  fractions  to  a  common 

deootuinUor,  ■  ■  **  *  =  — ■'*  '■.    Since  tbeae  tno  equal  f racUona  havo  the 

'     12  12  ^ 

mme  ilenominator,  tlie  nuinerstOT  of  Itae  first,  which  ia  tha  prodact  erf  tba 
■itremeB,  uiuat  be  equal  to  the  iinmerator  of  the  aecond,  which  ia  (lie 
product  of  the  meana. 

II,  TI^e  xpiare  of  (\  mean  proportional  is  equai  to  the  product 
of  iJte  other  tico  terms. 

For,  in  the   proportion  4  : 6  : 1 0  i  D  sioce  the   prodact  of  the  means 
"       ~  K  S,  and  6*  ia  the  aquara  of 

III.  Fiiur  nvmbera  that  are  propartlonat  in  the  direct  order 
are  proportional  by  inversion,  and  alao  &y  altematioR,  or  by 
inverting  the  means. 

470,  Since  in  every  proportion  the  product  of  the  means 
equals  the  product  of  the  extremes,  it  follows  that,  any  three 
terms  of  a  proportion  being  given,  the  fourth  may  be  found  by 
the  following  rule: 

Rule.  —  I.  Divide  the  product  of  the  esUremes  by  one  of  the 
means,  and  the  quotient  wiU  be  the  other  mean. 

II,  Divide  the  prodmrt  of  the  means  by  one  of  Uie  extremes, 
and  the  quotient  will  be  the  other  extreTne. 

1'hns,  fn  the  proportion  2  :  3 :  :  ?  :  8,  ^  ■,  the  product  of  the  extremes 
divided  by  Uie  mean  gives  as  6,  the  missing  mean.  In  2  : 3  : :  6 :  F,  ^JL?^ 
tlie  product  of  the  means  divided  by  the  extreme  gives  as  9,  the  Hiiwing 
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Examples. 

471.   The  required  term  in  an  operation  will  be  denoted  by 
?,  which  may  be  read  "  what." 

Find  the  term  not  given  in  each  of  the  following  propor- 
tions : 

1.  4:  26::  10:?. 

2.  48:  20::?:  50. 

3.  42:  70::  3:?. 

4.  ?:  300::  20: 100. 

6.  1:?::7:84. 

7.  4J:38i::?:76^. 

8.  $8865:8720::?:  16  A. 

9.  ^  yd.  :?::$  9.75  :  $  29.25. 

10.  ?  :  21  A.  320  sq.  rd. : :  $  1260  :  $  750. 

11.  7.60: 18::?:  7^  oz. 

12.  7  oz. :  ?  : :  £  30  :  £  407  2«.  lOfd. 

13.  ?  :  15  hhd. : :  $  2.39  :  9 .3585. 

14.  1  T.  7  cwt  3  qr.  20  lb. :  13  T.  6  cwt.  2  qr. : :  f  9.60 :  ?. 
16.  9 175.36  :  ? : :  J  :  f 

16.  ? :  $  12J  : :  240f :  149^^. 

17.  iy±:?::$i:9 59.0625. 


Cause  and  Effect. 

472.  Every  question  in  proportion  may  be  considered  as  a 
comparison  of  two  causes  and  two  effects.  Thus,  if  3  dollars  as 
a  cause  will  buy  12  pounds  as  an  effect,  6  dollars  as  a  cause  will 
buy  24  pounds  as  an  effect.  Or,  if  5  horses  as  a  cause  consume 
10  tons  as  an  effect,  15  horses  as  a  cause  will  consume  30  tons 
as  an  6/ 


NoTB.  —  It  mtMt  be  borne  in  mind  that  c*nse  and  offcet  Is  not  jiroportloii,  but  In  maajt 
ea«««  this  form  of  reasoning  flirniAhes  the  ea((ie»t  means  for  reaching  a  correct  itatement  of 
proportlona. 
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Caases  may  be  regarded  as  action,  of  whatever  kind,  the  producer,  the 
consumer,  men,  animals,  time,  distance,  weight,  goods  bought  or  sold, 
money  at  interest,  etc. 

Effects  may  be  regarded  as  whatever  is  accomplished  by  action  of  any 
kind,  the  thing  produced  or  consumed,  money  paid,  etc. 

Causes  and  effects  in  proportion  are  of  two  kinds  —  simple 
and  compound. 

473.  A  Simple  Cause  or  Effect  contains  but  one  element ;  as 
price,  quantity,  cost,  time,  distance,  or  any  single  factor  used 
as  a  term  in  proportion. 

474.  A  Compound  Cause  or  Effect  is  the  product  of  two  or 
more  elements ;  as  the  number  of  workmen  taken  in  connec- 
tion with  the  time  employed,  length  taken  in  connection  with 
breadth  and  depth,  capital  considered  with  reference  to  the 
time  employed,  etc. 

475.  Causes  and  effects  that  admit  of  computation,  that  is, 
involve  the  idea  of  q^mntity,  may  be  represented  by  numbers, 
which  will  have  the  same  relation  to  each  other  as  the  things 
they  represent.  And  since  it  is  a  principle  of  philosophy  that 
like  causes  produce  like  effects,  and  that  effects  are  always  in  pro- 
X>ortion  to  their  causes^  we  have  the  following  proportions : 

1st  Cause  :  2d  Cause  :  :  Ist  Effect :  2d  Effect, 
Or,  1st  Effect :  2d  Effect : :  Ist  Cause  :  2d  Cause. 

The  two  causes,  or  effects,  forming  one  couplet,  must  be  like  numbers, 
and  of  the  same  dpnoniination. 

Considernig  all  the  terms  of  the  proportion  as  abstract  numbers,  we 
may  say  that 

1st  Cause  :  1st  Effect : :  2d  Cause  :  2d  Effect; 
which  will  produce  the  same  numerical  result. 

But  as  ratio  is  the  result  of  comparing  two  numbers  or  things  of  the 
same  kind  (§  460),  the  first  form  is  regarded  as  more  natural  and  philo- 
sophical. 

476.  Simple  causes  and  simple  effects  give  rise  to  simple 
ratios;  compound  causes  and  compound  effects  to  compound 

ratios. 
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SIMPLX  PROPORTION. 

477.  Simple  Proportion  is  an  equality  of  two  simple  ratios> 
and  consists  of  four  terms,  any  three  of  which  being  given, 
the  fourth  may  readily  be  found. 

Nam.  —  1.  When  three  terms  of  a  proportion  are  given,  the  metisod  of  flndtny  the  fourth 
ia  called  the  BuU  </  Three. 

2.  QuestloDS  in  simple  proportion  involve  only  simple  caaaes  and  simple  eflbcts. 


Examples. 

478.  To  find  the  missing  term.  —  First  method. 

1.   If  $8  will  buy  36  yards  of  velveteen,  how  many  yards 
may  be  bought  for  $  12  ? 


STATKMBVT. 

$  ♦  yd. 

8     :      12    ::      36 

Iftt  caase.     2d  cause.        1st  effect. 
OPERATION. 

8x?=   12x36 
6       9 


yd. 

9 

Sdeifect. 


Solution.  — The  required  term 
in  this  example  is  an  effect ;  and 
the  stattfment  is,  $8  is  to  $12  as 
36  yard.4  is  to  ?,  or  how  many 
yards.  Dividing  12  x  36,  the  prod- 
uct of  the  means,  by  8,  the  given 
extreme,  we  have  54  yards,  the 
9  ^    ?gxgg    =  54  vd  ^»«     required  term  (§  470) . 

2.   If  6  horses  will  draw  10  tons,  how  many  horses  will 
draw  15  tons  ? 

STATEMENT, 
horses.        horses.  tons.  tons. 

6      :      ?      ::      10     :     15 

1st  caase.     2d  cause.        1st  effect.    8d  effect. 


OPERATION. 


Or, 


3      3 


=  9  horses  Ana. 


J. 


Solution.  —  In  this  example  a 
cause  is  required ;  and  the  state- 
ment is,  6  horses  is  to  ?,  or  how 
many  horses,  as  10  tons  is  to  15 
tons.  Dividing  15  x  6,  the  prod- 
uct of  the  extremes,  by  10,  the 
given  mean,  we  have  9,  the  re- 
quired term  (§  470). 


?  =9  horses  An^, 


278  PBOPOKTION. 

KuLE.  —  I.  Arrange  the  terms  in  tJie  statement  so  that  the 
causes  sJiaU  compose  one  couplet,  and  the  effects  the  otlieTf  putting 
?  in  the  place  of  tJie  required  term. 

XL  If  the  required  term  is  an  extreme,  divide  tlie  product  of 
the  mea)is  by  tJie  given  extreme;  if  t/ie  required  term  is  a  tneoM^ 
divide  Hie  product  of  tJie  extremes  by  the  given  tnean, 

N0TR8.  —  1.  If  the  terms  of  any  couplet  are  of  diiferent  denominations,  ther  mast  be 
reduced  to  the  same  unit  value. 

2.  If  the  odd  term  is  a  compound  number,  it  must  be  reduced  either  to  its  lowest  unit, 
or  to  a  fraction  or  a  decimal  of  its  highest  unit. 

8.  If  the  divisor  and  dividend  contain  one  or  more  flictors  common  to  both,  they  should 
be  canceled.  If  any  of  the  terms  of  a  proi»ortlon  contain  mixed  numbers,  they  should  first 
be  chanired  to  improper  fractions,  or  the  iVactlonal  part  to  a  decimal. 

4.  When  the  vertical  line  is  used,  the  di\isor  and  f  are  written  on  the  left,  and  the  fee- 
tors  of  th»  dividend  on  the  right. 

479.  There  is  another  method  of  solving  questions  in  pro- 
portion which  depends  more  strictly  upon  the  principles  of 
ratio  and  proportion,  and  hence  is  regarded  by  many  as  simpler 
and  more  logical. 

Every  question  in  simple  proportion  gives  three  terms  to 
find  a  fourth. 

Of  the  three  given  numbers,  one  must  always  be  of  the  same 
denomination  as  the  required  number. 

The  remaining  two  will  be  like  numbers,  and  will  bear  the 
same  relation  to  each  other  that  the  third  does  to  the  required 
number ;  in  other  words,  the  ratio  of  the  third  to  the  required 
number  will  be  the  same  as  the  ratio  of  the  other  two  numbers. 

Regarding  the  third  or  odd  term  as  the  antecedent  of  the 
second  couplet  of  a  proportion,  we  find  the  consequent  or 
required  term  by  dividing  the  antecedent  by  the  ratio  (§  460). 

By  comparing  the  two  like  numbers,  in  any  given  question, 
with  the  third,  we  may  readily  determine  whether  the  answer, 
or  required  term,  will  be  greater  or  less  than  the  third  term. 
If  greater,  then  the  ratio  will  be  less  than  1,  and  the  two  like 
numbers  may  be  arranged  in  the  form  of  a  proper  fraction  as 
a  divisor ;  if  the  answer,  or  required  term,  is  to  be  less  than 
the  third  term,  then  the  ratio  will  be  greater  than  1,  and  the 
two  like  numbers  may  be  arranged  in  the  form  of  an  improper 
fraction,  as  a  divisor. 


SIMPLE   PROPORTION.  279 

480.  To  find  the  missing  term.  —  Second  method. 

1.  If  4  cords  of  wood  cost  $12,  how  much  will  20  cords 
cost? 

OPERATION.  8oLUTiO!f.  —  It  Will  be  Tsadily 

4  :  20 : :  12  :  ?  ^^°  ^  this  example,  that  4  cords  and 

o  20  cords  are  the  like  terms,  and  that 

A       t(/      9A  $12  is  the  third  term,  and  of  the  same 

12  -9-  -^  =  Ar  y  ^  =s  $  60  Ans,    denomination  as  the  answer  or  re- 

20                  ^  quired  term. 

3  If  4  cords  cost  $12,  will  20  cords 
20  X  12  cost  more,  or  less  ?  Evidently  more: 

Qf^  "a =  1^  60  Ans.    then  the  answer  or  required  term  will 

f^  be  greater  than  the  third  term,  and 

the  ratio  les8  than  1.  The  ratio  of  4  cords  to  20  cords  is  ^,  or  | ;  hence  the 
ratio  of  $  12  to  the  answer  must  be  |,  and  the  answer  will  be  6  times  $  12, 
which  is  $60. 

Or,  after  having  stated  the  proportion  4  :  20 : :  12  :  ?,  we  find  the  prod- 
act  of  the  means  and  divide  by  the  extreme  (§  470). 

2.  If  12  yd.  of  cloth  cost  %  48,  how  much  will  4  yd.  cost  ? 

OPERATION.  Solution.  — In  this  example  we 

12  '  4  * '  48  *  ?  "^  ^^^^  ^^  yards  and  4  yards  are  the 

like  terms,  and  $48  the  third  term, 
^^        4        M  and  of  the  same  denomination  as  the 

48-^  —  =  48X  —  =  1^16  Am.  required  answer. 

^  }^  If  12  yards  cost  $48,  will  4  yards 

4  coat  more  or  less  ?    Less  :  then  the 
4  X  4g  ratio  will  be  greater  tlian  1,  and  the 

Or,  — j^ —  =  1^  16  Ans.    divisor  an  improper  fraction.    The 

^^  ratio  of  12  yards  to  4  yards  is  3, 

hence  the  ratio  of  $  48  to  the  answer  is  3,  and  the  answer  will  be  |  of  $48, 

which  is  $  16.    Or,  dividing  the  product  of  the  means  by  the  extreme 

(S  470),  we  have  4  x  48  -^  12  =  $  16. 

BuLE. — I.  With  the  two  given  numbers^  whidi  are  of  tJie  same 
name  or  kindy  form  a  ratio  grecUer  or  less  tlian  1,  axxording  aa 
the  answer  is  to  be  less  or  greater  Hum  Hie  Hiird  given  number. 

n.  Divide  the  third  number  by  this  ratio,  and  the  quotient  wiU 
be  the  required  number  or  answer. 

1.  Mixed  Dumban  ■hoold  first  b«  rsdooed  to  Improper  fkaettons,  sod  the  ntio  of  the 
flfactloDS  found  eooording  to  S  468. 

X.  JZ0cfiietfaiw«iidauieeIlatio]iiiiAybeappttft&M\iiti!lMteiX«MMbn4. 
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The  following  examples  may  be  solved  by  either  method. 

3.  If  48  cords  of  wood  cost  1^120,  how  much  will  20 
cords  cost? 

4.  If  6  bushels  of  com  cost  1^4.75,  how  much  will  75 
bushels  cost? 

6.  If  12  horses  consume  42  bushels  of  oats  in  3  weeks,  how 
many  bushels  will  20  horses  consume  in  the  same  time  ? 

6.  If  9  bushels  of  wheat  make  2  barrels  of  flour,  how  many 
barrels  of  flour  will  100  bushels  make  ? 

7.  If  18  bushels  of  wheat  are  bought  for  $22.25,  and 
sold  for  9  26.75,  how  much  will  be  gained  on  240  bushels,  at 
the  same  rate  of  profit  ? 

8.  If  6^  bushels  of  oats  cost  |^3,  how  much  will  9} 
bushels  cost? 

9.  How  much  will  87.5  yards  of  ribbon  cost,  if  1|  yards 
cost  $  .42  ? 

10.  If  by  selling  $  1500  worth  of  dry  goods  I  gain  $  275.40, 
what  amount  must  I  sell  to  gain  $  1000  ? 

11.  If  20  men  can  perform  a  piece  of  work  in  15  days,  how 
many  men  must  be  added  to  the  number,  that  the  work  may 
be  accomplished  in  ^  of  the  time  ? 

12.  If  100  yd.  of  broadcloth  cost  $  473.07^,  how  much  will 
3.25  yd.  cost? 

13.  If  1  lb.  4  oz.  10  pwt  of  gold  may  be  bought  for  9  260.70, 
how  much  may  be  bought  for  $  39.50  ? 

14.  In  what  time  can  a  man  pump  54  barrels  of  water,  if  he 
pumps  24  barrels  in  1  h.  14  min.  ? 

16.  If  f  of  a  bushel  of  peaches  costs  1^^,  what  part  of  a 
bushel  can  be  bought  f or  $  ^  ? 

16.  If  a  man  gains  $1870.65  by  his  business  in  1  yr.  3  mo., 
how  much  will  he  gain  at  that  rate  in  2  yr.  8  mo.  ? 

17.  Two  numbers  are  to  each  other  as  5  to  7^,  and  the  less 
is  164.5 ;  what  is  the  greater  ? 

18.  If  the  moon  moves  13**  10'  35"  in  1  day,  in  what  time  will 
/^/?er/brm  one  revolution? 
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19.  If  I  borrow  $  5Gi,  and  keep  it  1  yr.  4  mo.,  for  how  long 
a  time  should  I  lend  $  240  as  an  equivalent  for  the  favor  ? 

20.  How  many  days  will  12  men  require  to  do  a  piece  of 
work  that  95  men  can  do  in  7^  days  ? 

21.  If  a  staff  4  ft  long  casts  a  shadow  7  ft.  in  length,  what 
is  the  height  of  a  tower  that  casts  a  shadow  of  198  ft  at  the 
same  time  ? 

22.  A  man  failing  in  business  owes  $972,  and  his  entire 
property  is  worth  but  $607.50.  How  much  will  a  creditor 
receive  on  a  debt  of  $  11.33^  ? 

23.  A  man  can  perform  a  certain  piece  of  work  in  18  days 
by  working  8  hours  a  day.  In  how  many  days  can  he  do  the 
same  work  by  working  10  hours  a  day  ? 

24.  How  much  land  worth  $16.50  an  acre,  should  be  given 
in  exchange  for  140  acres,  worth  $  24.75  an  acre  ? 

25.  What  number  of  men  must  be  employed  to  finish  a  piece 
of  work  in  5  days,  which  15  men  could  do  in  20  days  ? 

26.  At  $  1.58  per  oz.,  what  will  be  the  cost  of  a  service  of 
silver  plate  weighing  15  lb.  11  oz.  13  pwt  17  gr.  ? 

27.  A  borrows  $  1200,  and  keeps  it  2  yr.  5  mo.  5  da.  What 
sum  should  he  lend  for  1  yr.  8  mo.  to  balance  the  favor  ? 

28.  A  farmer  has  hay  worth  $  9  a  ton,  and  a  merchant  has 
flour  worth  $5  per  barrel.  If  in  trading  the  former  asks 
$10.50  for  his  hay,  how  much  should  the  merchant  ask  for 
his  flour  ? 

29.  A  cistern  holding  20  barrels  has  two  pipes,  by  one  of 
which  it  receives  120  gallons  in  an  hour,  and  by  the  other 
discharges  80  gallons  in  the  same  time.  In  how  many  hours 
will  it  be  filled  ? 

30.  A  merchant  in  selling  groceries  sells  14/^  oz.  for  a 
pound.  How  much  does  he  cheat  a  customer  who  buys  of  him 
to  the  amount  of  $  38.40  ? 

31.  B  and  C  have  each  a  farm  ;  B's  farm  is  worth  $  32.50 
an  acre,  and  C's  $  28.75 ;  but  in  trading  B  values  his  at  $  40 
an  acre.     What  value  should  C  put  wponYii^'^ 


n 
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COMPOUND  PROPORTION. 

481.  Compound  Proportion  is  an  expression  of  equality  be- 
tween a  compound  and  a  simple  ratio^  or  between  two  eom- 
pound  ratios. 

It  embraces  the  class  of  qaestions  in  which  the  causes,  or  the  effects, 
or  both,  are  compound.  The  required  term  must  be  either  a  simple  cause 
or  effect,  or  a  single  element  of  a  compound  cause  or  effect. 

Examples. 

482.  To  find  tho  missing:  term.  —  First  method. 

1.  If  16  horses  consume  128  biL  of  oats  in  50  days,  how 
many  bushels  will  5  horses  consume  in  90  days  ? 

STATBMBMT. 

Ittc»ii86.       SdcAUse.       lBteffie«t.       2d  effect. 

^^^      ^     :  128      :      ? 


{'^■■{ 


90 
Or,  16  X  50  :  5  X  90  : :  128      :      ? 

SoLUTioK.  —  In  this  example  the  re- 
quired term  is  the  second  effect ;  and  the 
9        8  question  may  be  read  :  If  16  horses  in 

fi  X  ^0  X  X^  —  72  bu.  Ana   ^  ^*^®  consume  128  bushels  of  oats,  6 
10  X  50  horses  in  00  days  will  consume  how  many 

g  bushels?     Dividing  the  product  of  the 

means  by  the  extremes,  we  have  72  bn. 

KoT>.  —  These  ezuDples  are  most  readily  performed  by  ameeUatSon. 

2.   If  $480  gains  $84Snterest  in  30  months^  what  sum  will 
gain  9  21  in  15  months  ? 

STATEMENT. 

1st  cause.       8d  catiMs.       Idt  effect.       fid  effect. 

OPERATION.  Solution. — The  required  term  in 

j^20        2  ^^^   example   is   an  element  of  the 

480  X  80  X  21  second  cause ;  and  the  question  may 

sa      IR           *^^^  ^^'  ^^^•'  ^  ♦*«>  in  30  months  gains 

Pr^  Ay  ^84,  what  principal  in  16  months  will 

^  gain  921?    Dividing  the  product  of 

the  extremes  hy  the  means,  we  have  $240. 
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3.  If  7  men  dig  a  ditch  60  feet  long,  8  feet  wide,  and  G  feet 
deep  in  12  days^  what  length  of  ditch  can  21  men  dig  in  2| 
days,  if  it  is  3  feet  wide  and  8  feet  deep  ? . 

STATE  MHNT. 

Istcaase.       2d  cauio.  lateflTect.  2d  eflntct. 


{.L{ 


Or, 


21  r60  (    ? 

2i    ::    I    8     :      I     3 

7xl2:21xt::60x8x6:?x3x8. 


OPERATION. 

2I>L8jiMx|x|  =  80ft  ^,«. 

jr  X  ^  x;^x?x? 

Or, 

f 


? 


5 


8 


?  =  8x5x2  =  80ft  Ans. 


Solution.  —  In  this  ex- 
ample the  required  term  is 
the  length  of  the  ditch,  and 
is  an  element  of  the  second 
effect.  The  question,  as 
stated,  will  read  thus:  if  7 
men,  in  12  days,  dig  a  ditch 
60  feet  long,  8  feet  wide,  and 
6  feet  deep,  21  men,  in  2} 
days,  will  dig  a  ditch  how 
many  feet  long,  3  feet  wide, 
and  8  feet  deep?  Dividing 
the  product  of  the  means  by 
the  extreme  (§  470),  we  have 
80  ft. 


Bulb.  —  1.  Of  the  given  terms,  select  those  which  constiiiUe  the 
various  causes,  and  those  which  constitute  the  various  effects,  and 
arrange  them  in  couplets,  putting  an  interrogation  point  in  place 
of  the  required  term, 

II.  Tlien,  if  the  unknown  term  expressed  by  the  interrogaiion 
point  occurs  in  eiUier  of  the  extremes,  mxiJce  the  product  of  tlie 
means  a  dividetid,  and  the  product  of  the  extretnes  a  divisor; 
hut  if  the  unknoton  term  occurs  in  either  of  the  means,  mxike  the 
product  of  the  extremes  a  dividend,  and  the  product  of  the  means 
a  divisor. 

Note.  —The  eaoMS  must  be  exactly  alike  In  the  number  and  kind  of  their  terms ;  the 
same  la  tme  of  the  effects.    The  same  preparation  of  the  twnaa  by  reduction  is  to  ba 
•obaerred  as  in  simple  proportion. 
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483.   To  find  the  missing  term.  —  Second  method. 
Examples  in  Compound  Proportion  may  also  be  solved  by 
the  Second  Method  in  Simple  Proportion  (§  480). 

1.  If  18  men  can  build  42  rods  of  wall  in  16  days,  how  many 
men  can  build  28  rods  in  8  days  ? 

OPEBATXON. 

42:28 
8  :16 

6        ^ 

Or, 
2         2        8 

Solution.  —  In  this  example  all  the  terms  appear  in  couplets,  except 
one,  which  is  18  men,  and  that  is  of  the  same  kind  as  the  required 
answer. 

Since  compound  proportion  is  madB  up  of  two  or  more  simple  propor- 
tions, if  this  third  or  odd  term  is  divided  by  the  compound  ratio,  or  by 
the  simple  ratio  of  each  couplet  successively,  the  product  will  be  the 
required  term. 

By  comparing  the  terms  of  each  couplet  with  the  third  term,  we  may 
reiuiily  determine  whether  the  answer,  or  term  sought,  will  be  greater  or 
less  than  the  third  tenu  ;  if  gr^iiUr,,  then  the  ratio  will  be  \e9»  than  1, 
and  the  divisor  a  proper  fraction  ;  if  less^  the  ratio  will  be  mwre  tbau  1, 
and  the  divisor  an  improper  fraction. 

First,  we  compare  the  terms  composing  the  first  couplet,  42  rods  and 
28  rods,  with  the  third  term,  18  men.  If  42  rods  require  18  men,  how 
many  men  will  28  rods  require  ?  Less  men  ;  hence  the  ratio  is  greater 
than  1,  and  the  divisor  an  improper  fraction,  p.  Next,  if  16  days 
require  18  men,  how  many  men  will  8  days  require  ?  More  men  ;  hence 
the  ratio  is  less  than  1 ,  and  the  divisor  a  proper  fraction,  ^.  Regard* 
ing  the  third  term  as  the  antecedent  of  a  couplet,  the  consequent  being 
the  term  sought,  if  we  divide  this  third  tenn  by  the  simple  ratios, 
or  by  their  product,  we  shall  have  the  required  term  or  answer,  thus : 
18  -5-  Jl  X  T»,T  =  24,  as  shown  in  the  operation. 

Or,  finding  the  product  of  the  means  and  dividing  by  the  extremes,  we 

42x8 
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2.  If  5  compositors,  in  16  days  of  14  hours  each,  can  com- 
pose 20  sheets  of  24  pages  in  each  sheet,  50  lines  in  a  page, 
and  40  letters  in  a  line,  in  how  many  days,  of  7  hours  each, 
will  10  compositors  compose  a  volume  to  be  printed  in  the 
same  letter,  containing  40  sheets,  16  pages  in  a  sheet,  60  lines 
in  a  page,  and  50  letters  in  a  line  ? 

OPERATION. 
D&y-ft.   GomiK  Hoars.  Shtsets.  Pages.  Lines.  Letters. 

16  +  1^  X  T^i  X  H  X  H  X  M  X  M  =  32  days  Ans. 

BT  cAKCBLLATiox.         SOLUTION.  —  The  required  term  or  answer  is  to 
I /•  be  in  days  ;  and  we  see  that  all  the  terms  appear 

in  pairs  or  couplets,  except  the  16  days,  which  is 
y  of  the  same  kind  as  the  answer  sought. 

Ji^  We  proceed  to  compare  the  terms  of   each 

40  couplet  with  the  16  days.     First,  if  6  compositors 


H9 

J 

4P I  50  Next,  if  14  hours  a  day  require  16   days,  how 

oq'a  a  many  days  will  7  hours  a  day  require? 

^  '     days ;  hence  the  divisor  is  the  proper  f 


|/*2  require  16  days,  how  many  days  will  10  compos- 

^%.  Itors  require  ?    Less  days ;  hence  the  divisor  is 

Vv  the  improper  fraction  J^,  and  we  have  16  -t-  J/. 


More 
fraction 

^^,  and  we  have  16  -i-  J^  x  yV  ^^^^  ^  20  sheets  require  16  days,  how 
many  days  will  40  sheets  require  ?  More  days ;  hence  the  divisor  is  the 
proper  fraction  |J,  and  we  have  IQ  -^  Xft  x  ^f  x  }g.  Pursuing  the  same 
method  with  the  other  couplets,  we  obtain  the  result  as  shown  in  the 
operation. 

Rule.  —  I.  Of  tJie  terms  composing  eoc/i  couplet  form  a  ratio 
greater  or  less  than  1,  in  the  same  mxLniier  as  if  Vie  answer 
depended  on  those  two  and  the  third  or  odd  term. 

II.  Divide  the  third  or  odd  term  by  these  ratios  successively, 
and  tlie  quotient  wiU  be  tlie  answer  souglu. 

KoTB.  —  By  the  odd  term  is  meant  the  one  that  la  of  the  same  kind  as  the  answer. 

The  following  examples  may  be  solved  by  either  method : 

3.  If  12  horses  plow  11  acres  in  5  days,  how  many  horses 
would  plow  33  acres  in  18  days  ? 

4.  If  480  bushels  of  oats  will  last  24  horses  40  days,  how 
long  will  300  bushels  last  48  horses,  at  the  same  rate  ? 

6.  If  7  reaping  machines  can  cut  1260  acres  in  12  days,  in 
how  many  days  can  16  machines  reap  41-%  ^my^^*^. 
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6.  If  144  men  iu  6  days  of  12  hours  each,  build  a  wall  200 
ft.  long,  3  ft.  high,  and  2  ft  thick,  in  how  many  days  of  7 
hours  each  can  30  men  build  a  wall  350  ft.  long,  6  ft  high,  and 
3  ft.  thick  ? 

7.  In  how  many  days  will  6  persons  consume  5  bu.  of  po- 
tatoes, if  3  bu.  3  pk.  last  9  persons  22  days  ? 

8.  If  the  use  of  $  300  for  1  yr.  8  mo.  is  worth  $  30,  how 
much  is  the  use  of  $  210.25  for  3  yr.  4  mo.  24  da.  worth  ? 

9.  If  a  cistern  16  ft.  long,  7  ft.  wide,  and  15  ft.  deep  cost 
$  36.72,  how  much,  at  the  same  rate  per  cu.  ft,  would  another 
cistern  cost  that  is  17^  ft.  long,  10 J^  ft  wide,  and  16  ft.  deep  ? 

10.  If  468  bricks,  8  inches  long  and  4  inches  wide,  are  re- 
quired for  a  walk  26  ft.  long  and  4  ft.  wide,  how  many  bricks 
will  be  required  for  a  walk  120  ft.  long  and  6  ft.  wide  ? 

11.  If  a  cistern  17^  ft.  long,  10^  ft.  wide,  and  13  feet  deep 
holds  546  barrels,  how  many  barrels  will  a  cistern  hold  that  is 
16  ft.  long,  7  ft.  wide,  and  15  ft.  deep  ? 

12.  If  11  men  can  cut  147  cords  of  wood  in  7  days,  when 
they  work  14  hours  per  day,  how  many  days  will  it  take  6  men 
to  cut  150  cords,  working  10  hours  each  day  ? 

18.  If  it  costs  9  95.60  to  carpet  a  room  24  ft.  by  18  ft,  how 
much  will  it  cost  to  carpet  a  room  38  ft  by  22  ft.  with  the 
same  material  ? 

14.  A  miller  has  a  bin  8  ft.  long,  4^  ft  wide,  and  2^  ft. 
deep,  and  its  capacity  is  75  bu. ;  how  deep  must  he  make 
another  bin  which  is  to  be  18  ft  long  and  3  J  feet  wide,  that 
its  capacity  may  be  450  bu.  ? 

16.  If  4  men  in  2^  days,  mow  6J  acres  of  grass,  by  working 
8^  hours  a  day,  how  many  acres  will  15  men  mow  in  3f  days, 
by  working  9  hours  a  day  ? 

16.   If  248  men,  in  5^  days  of  12  hours  each,  dig  a  ditch  of 

7  degrees  of  hardness,  232^  yd.  long,  2|  yd.  wide,  and  2^  yd. 

deep ;  in  how  many  days  of  9  hours  each  will  24  men  dig  a 

ditch  of  4  degrees  of  hardness,  387^  yd.  long^  5^  yd.  wide,  and 

«?/  jrd,  deep  ? 
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PARTITIVE  PROPORTION. 

484.  Partitive  Proportion  is  the  process  of  diyiding  a  num- 
ber into  parts  which  bear  a  given  relation  to  each  other. 

Ezamplei. 

485.  To  divide  a  number  into  proportional  parts. 

1.  Divide  9  1305  into  parts  proportional  to  the  numbers  2, 
3,  and  4. 

Solution. — The  prublein  is  to  take 
three  fractions  of  9  ld05  which  shall  be 
in  the  proportion  of  2,  8,  4.  Any  frac- 
tions with  a  common  denominator,  and 
with  2, 3,  and  4  as  respective  numerators, 
would  be  in  the  proper  proportion ;  but 
since  the  sum  of  the  three  parts  of  9 1905,  when  found,  must  equal  the 
whole  of  9 1305,  the  sum  of  the  three  fractions  mu^  equal  a  whole  unit, 
and  since  the  siun  of  the  numerators  is  2  +  3+4  =  9,  the  common 
denominator  must  be  9,  since  {  =  1.    Therefore  the  fractions  must  be 

i«  h  f    i  o<  9 1^^  =  9^^>  I  o^  9  ^^^  =  9^^:  i  o^  9^^^  =  $580. 

2.  Af  By  and  C  leased  a  store  for  $3300  a  year.  A's  space 
costs  twice  as  much  as  B's,  and  C's  costs  four  times  as  much 
as  A's.    What  is  the  yearly  rental  for  each? 

Solution.  —  Assum- 
14-2  +  8  =  11 
^  of  f  3300  =  9  300,    B's  rental. 
T^rof  f  3300  =  f  600,    A's 
T«^  of  f  3300  =  $2400,  C's 


OPESATlOy. 

2+3+4=9 
|of  f  1305  =  f  2901 

I  ot  $1305  =  $435\An8. 
I  of  $1305  =  $580  J 


99 


» 


'  Ans. 


OPEBATION. 

ing  B^s  rental  to  be  1 
part,  A's  will  be  2  x  1, 
or2,  RndC's4x2,  or8. 
We  then  have  93300 
to  be  divided  into 
parts    proportional    to 

the  numbers  1,  2,  and  8.     Proceeding  as  in  Example  1,  the  answers  are, 

1600  for  A,  $300  for  B,  and  $2400  for  C. 

3.   Divide  5200  into  parts  proportional  to  ^,  ^y  and  ^. 

SoLCTiow.  —  When  fractions  have  a 
common  denominator,  they  have  the  ratios 
of  their  numerators  (§  458).  Reducing  ), 
i,  and  J  to  common  denominators,  we 
have  J  J,  iflj,  and  /u.  The  problem  now 
is  to  divide  6200  into  parts  proportional 
to  16,  6,  6.  Proceeding  as  in  Example  1, 
we  have  15 -V  6-^6  =  26.  VI  ^^  6200  = 
StHM);  A  of  5200=1200;  a\  of  5200  =1(»0. 


OPBBATION. 


15  4. 6  +  5  =  26 
If  of  5200  =  3000 
^  of  5200  =  1200 
^  of  5200  =  1000 


Ans. 


r 
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Rule.  —  I.  Find  the  sum  of  the  numbers  in  propoi'tion  for  a 
comtnon  denominator.  Form  fractions  with  this  sum  as  denom- 
inator,  and  the  proportional  numbers  cw  respective  numerators. 
Take  these  fra>ctional  parts  of  the  number  given, 

II.  When  the  numbers  in  proportion  are  fractions^  reduce  them 
to  a  common  denomina^r.  The  numerators  mjay  Ouen  be  re- 
garded as  whole  numbers  in  the  given  proportion,  with  which 
proceed  as  before, 

4.  Divide  105  into  parts  proportional  to  5,  7,  9. 

5.  Divide  126  into  six  parts  proportional  to  1,  2,  3,  4, 5, 6. 

6.  Divide  666  into  three  parts  proportional  to  \y  \y  and  -|^. 

7.  A  man  bequeathed  $63000  to  three  heirs  as  follows: 
To  his  son  \  as  much  as  to  his  wife,  and  to  his  daughter  ^  as 
much  as  to  his  son.     How  much  did  each  get  ? 

8.  A  man  bought  three  houses  for  $  112500.  The  first  cost 
twice  as  much  as  the  second,  and  the  third  three  times  as 
much  as  the  first.     How  much  did  he  pay  for  each  ? 

9.  A,  B,  and  C,  owned  a  vessel  worth  $52000.  B  owned  fas 
much  as  A,  and  C  J  as  much  as  A.     How  much  did  each  own  ? 

10.  Four  persons  rent  a  farm  of  115  A.  32  sq.  rd.  at  $  3.75 
an  acre.  A  puts  on  144,  B  160,  C  192,  and  D  324  sheep.  How 
much  rent  ought  each  to  pay  ? 

11.  Three  persons  gain  $  2640,  of  which  B  is  to  have  f  6  as 
often  as  C  $  4,  and  D  $  2.     What  is  each  one's  shai*e  ? 

12.  Six  persons  are  to  share  among  them  $  6300 ;  A  is  to 
have  -^  of  it,  B  ^,  C  {,  D  is  to  have  as  much  as  A  and  C 
together,  and  the  remainder  is  to  be  divided  betw^een  E  and  F 
in  the  ratio  of  3  to  5.     How  much  does  each  receive  ? 

13.  A  father  divides  his  estate  worth  $  5463.80  between  his 
two  sons,  giving  the  elder  \  more  than  the  yoimger.  How 
much  is  each  son's  share  ? 

14.  Three  men,  A,  B,  and  C,  enter  into  partnership.  For 
every  $  3  of  capital  A  puts  in,  B  puts  in  $  4,  and  C  f  1. 
TheiT  whole  capital  amoimts  to  %  20480.    How  much  money 

does  each  pat  in  ? 
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486.  A  Partnership  is  an  association  of  persons  for  the 
transaction  of  business. 

487.  The  Partners  are  the  individuals  thus  associated. 

Partners  may  be  active  or  sileut,  general,  limited  or  special.  An 
active  partner  takes  an  active  part  in  the  business,  while  a  silent  partner 
merely  furnishes  capital.  A  general  partner  risks  his  whole  property  in 
the  business,  and  must  forfeit  it  all  if  necessary  t)  pay  the  debts.  A 
tpecial  or  limited  partner  is  responsible  only  for  a  limited  sum  which  is 
8peci6ed  in  the  agre<:'ment. 

When  partners  are  to  share  in  the  profits  and  Ijascs  of  the  business  in 
proportion  to  the  amount  of  capital  contributed,  this  must  be  distinctly 
stated  in  the  agreement. 

488.  A  Firm,  Company,  or  House  is  any  particular  partner- 
ship association. 

489.  Capital,  or  Stock,  is  the  money  or  property  invested  by 
the  partners,  called  also  Investment,  or  Joint  Stock. 

490.  The  Resources  of  a  firm  are  the  amoimts  due  the  firm, 
together  with  the  property  of  all  kinds  belonging  to  it,  called 
also  Assets,  or  Effects. 

491.  The  Liabilities  of  a  firm  are  its  debts. 

The  Net  Capital  is  the  excess  of  resources  over  liabilities.  A  Deficit 
is  the  excess  of  liabilities  over  resources.  When  there  is  a  net  capital 
the  firm  Lb  solvent ;  but  when  there  is  a  dtficit  the  firm  is  insolvent  or 
bankrupt. 

492.  Dividends  are  the  profits  to  be  divided  among  the 
partners  of  a  company.  Assessments  are  the  sums  to  be  paid 
by  the  partners  to  meet  losses  sustained. 

493.  Computations  in  partnership  may  be  simple  or  com- 
ponnd. 

BOB.  2fEW  HIGHER  AR.  —  19  2%^ 
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SIMPLS  PARTNERSHIP. 

494.  In  Simple  Partnership  the  capital  of  each  partner  is 
invested  for  the  same  time,  and  the  profits  and  losses  are 
shared  in  proportion  to  the  capital  contributed. 

Examples. 

495.  To  find  each  partner's  share  of  the  profit  or  loss,  when 
the  capital  of  all  is  employed  for  equal  periods  of  time. 

1.  A  and  B  engage  in  trade;  A  furnishes  $500,  and  B 
$  700  as  capital ;  they  gain  $  96.  What  is  each  man's  share  of 
gain? 

OPERATION.  Solution. — The  whole 

$  500  +  S  700  =  S  1200,  whole  cap.  amount  of  capital  employed 

Xoo  -  Jw  A's  nart  of  the  can  l8   $500  +  $700  =  $1200; 

fVDi7  -  iV,  A  s  part  01  tne  cap.  y^         ^  furnishes  t*J>A  = 

tWit  =  ^r^  B's     "      «     «       "  ,5^  of  the  capital,  Ind   B 

■i«^  of  f  96  =  $  40,  A's  gain  i    .  furnishes  ^ff„  =  ^^  of  the 

TVof  $96  =  $56,  B's      "     i     ^'  ca.pitsl.    Since  each  man's 

^  ^  share  of  the  profit  will  have 

the  same  ratio  to  the  whole  profit  as  his  part  of  the  capital  has  to  the 
whole  capital,  A  will  have  ^2  ^^  ^^^  ^^»  *Dd  B  y\  of  the  $96,  for  their 
respective  shares  of  the  profits. 

We  may  also  regard  the  whole  capital  as  the  first  cause,  and  each 
man^s  share  of  the  capital  as  the  second  cause,  the  whole  profit  or  loss 
as  the  first  effect^  and  each  man's  share  of  the  profit  or  loss  as  the  second 
effect^  and  solve  by  proportion  thus : 

Ifit  en  use.  2d  cause.       1st  eflTeet.    8d  effect. 

$1200     :     $500  ::  $96     :     ?     =$40,  A's  gaini   . 
$1200     :     $700::  $96     :     ?     =$56,  B's      "    J 

Rule.  —  Multiply  the  whole  profit  or  loss  by  the  rcUio  of  each 
man^s  share  of  the  capital  to  the  whole  capital.     Or, 

Solve  by  proportion.  Hie  whole  capital  is  to  each  man^s  share 
of  the  capital  as  the  whole  profit  or  loss  is  to  each  man^s  sJiare 
of  the  profit  or  loss, 

2.  Three  men  trade  in  company;  A  furnishes  $8000,  B 
$12000,  and  C  $20000  of  the  capital;  their  gain  is  $1800. 
What  is  each  man's  share  ? 
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3.  Three  men  engage  in  trade ;  A  puts  in  $  6470,  B  $3780, 
C  J  9860,  and  they  gain  $7890.  What  is  each  partner's  share 
of  the  profit? 

4.  B  and  C  buy  pork  to  the  amount  of  $  1847.50,  of  which 
B  pays  $  739,  and  C  the  remainder ;  they  gain  $  375.  What 
is  each  one's  share  of  the  gain  ? 

5.  A,  B,  and  C  form  a  company  for  the  manufacture  of 
woolen  cloths.  A  puts  in  $  10000,  B  $  12800,  and  C  $  3200. 
C  is  allowed  $1500  a  year  for  personal  attention  to  the 
business ;  their  expenses  for  labor,  clerk  hire,  and  other  inci- 
dentals for  1  year  are  $3400,  and  their  receipts  during  the 
same  time  amount  to  $9400.  W^hat  is  each  one's  income 
from  the  business  ? 

6.  Three  men  trade  in  company.  A  furnishes  $  8000,  and 
B  $  12000.  Their  gain  is  $  1680,  of  which  C's  share  is  $  840. 
What  are  C's  stock,  and  A's  and  B's  gain. 

7.  Four  persons  engage  in  the  lumber  trade,  and  invest 
jointly  $  22500 ;  at  the  expiration  of  a  certain  time,  A's  share 
of  the  gain  is  $2000,  B*s  $2800.75,  C's  $1685.25,  and  D's 
$  1014.     How  mjuch  capital  did  each  put  in  ? 

8.  Three  persons  enter  into  partnership  for  the  manufac- 
ture of  coal  oil,  with  a  joint  capital  of  $18840.  A  puts  in 
$  3  as  often  as  B  puts  in  $  5,  and  as  often  as  C  puts  in  $  7. 
Their  annual  gain  is  equal  to  C's  stock.  How  much  is  each 
partner's  gain? 

9.  Three  pereons  engaged  in  the  lumber  trade ;  two  of  the 
persons  furnished  the  capital,  and  the  third  managed  the  busi- 
ness ;  they  gained  $  2571.24,  of  which  C  received  $  6  as  often 
as  D  $  4,  and  E  had  \  as  much  as  the  other  two  for  taking 
care  of  the  business.  How  much  was  each  one's  share  of 
the  gain  ? 

10.  A  cargo  of  com  valued  at  $3475.60  was  entii-ely  lost; 
^  of  it  belonged  to  A,  ^  of  it  to  B,  and  the  remainder  to  C. 
How  much  was  the  loss  of  each  if  there  was  an  insurance  of 
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COMPOUND  PARTNERSHIP. 

496.  In  Compound  Partnership  the  time  for  which  the  capi- 
tal of  each  partuer  is  invested  must  be  taken  into  account. 

It  is  evident  that  the  respective  shares  of  profit  and  loss  will  depend 
equally  upon  two  conditions,  viz. :  the  amount  of  capital  invested  by 
each,  and  the  time  it  is  employed.  Hence  they  will  be  proportional  to 
the  products  of  these  two  elements. 

Examples. 

497.  To  find  each  partner's  share  of  the  profit  or  loss  when 
their  capital  is  employed  for  unequal  periods  of  time. 

1.  Two  men  form  a  partnership;  A  puts  in  3320  for  5 
months,  and  B  ^^  400  for  6  months ;  they  lose  9 140.  What  is 
each  man's  share  of  the  loss  ? 

OPKRATIOX. 

5  X  $  320  ==  $  1600,  A's  capital  for  1  mo. 

6  X  $  400  =  $  2400,  B's     "       «        « 

$  4000,  entire  "       «        « 
$  ^^^  =  |,  A's  share  in  the  partnership 

I  X  $  140  =  $  oOy  A's  loss  1 
I  X  $  140  =  $  84,  B's  loss  J 

Solution. — The  use  of  $320  for  6  months  is  the  same  as  the  uss  of  5 
times  ^  320,  or  f  1600,  for  one  month  ;  and  the  use  of  $400  for  6  months  is 
the  same  as  the  use  of  6  times  $  400,  or  $  2400,  for  1  month  ;  hence  the  use 
of  the  entire  capital  is  the  same  as  the  use  of  $  1600  +  $  2400  =  $  4000  for 
1  month.  A's  interest  in  the  partnership  is  therefore  }JJ§  =  ?,  and  he  will 
suffer  f  of  the  loss  ;  |  of  $  140  =  $  56  loss ;  and  B^s  interest  iu  the  part- 
nership is  }^g  J  =  I,  and  he  will  suffer  $  of  the  loss  ;  J  of  $  140  =  $  84  loss. 

We  may  also  solve  by  proportion,  the  causes  being  compounded  of  tlie 
two  elements,  capital  and  time  ;  thus : 

$4000  :  $  1600  : :  $  140  :  ?  =  $56,  A's  loss| 
»4000  :  $2400  ::  $140  :  ?  =  $  84,  B's  loss  J 

E.ULE.  —  Multiply  each  man^s  capital  by  the  ti)ne  it  is  employed 

in  trade,  and  add  tJie  products,     Tlien  multiply  the  entire  proJU  or 

loss  by  the  ratio  of  eo/ch  prodiict  to  the  sum  ojf  tV-.-pTo^vL^dtA^  >^va 
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results  will  he  the  respective  shares  of  profit  or  loss  of  each  part- 
ner.   Or, 

Multiply  ea4:h  man's  capital  by  the  time  it  is  employed  in  trade, 
and  regard  ea^^h  product  as  his  capital,  and  the  sum  of  tJie  prod- 
ucts as  the  entire  capital,  and  solve  by  proportion. 

2.  A,  B,  and  C  enter  into  partnership.  A  puts  in  $  357 
for  5  months,  B  $  371  for  7  months,  C  $  154  for  11  months,  and 
they  gain  9  347.20.     How  much  is  each  one's  share  ? 

3.  Three  men  hire  a  pasture  for  $  5o.50.  A  puts  in  5  cows, 
12  weeks ;  B,  4  cows,  10  weeks ;  and  C,  6  cows,  8  weeks.  How 
much  ought  each  to  pay  ? 

4.  B  commenced  business  with  a  capital  of  $  15000.  Three 
months  afterward  C  entered  into  partnership  with  him,  and 
put  in  125  acres  of  land.  At  the  close  of  the  year  their  profits 
were  $  4500,  of  which  C  was  entitled  to  $1800.  What  was 
the  value  of  the  land  per  acre  ? 

5.  A  and  B  engaged  in  trade.     A  put  in  $  4200  at  first,  and 

9  months  afterward  9  200  more.  B  put  in  at  first  $  1500, 
and  at  the  end  of  6  months  took  out  $  500.  At  the  end  of  16 
months  their  gain  was  $  772.20.  What  was  each  one's  share 
of  the  gain  ? 

6.  Four  companies  of  men  worked  on  a  railroad.  In  the 
first  company  there  were  30  men  who  worked  12  days,  9  hours 
a  day ;  in  the  second,  there  were  32  men  who  worked  15  days, 

10  hours  a  day ;  in  the  third,  there  were  28  men  who  worked 
18  days,  11  hours  a  day ;  and  in  the  fourth,  there  were  20  men 
who  worked  15  days,  12  hours  a  day.  The  entire  amount  paid 
to  all  the  companies  was  9 1500.  What  were  the  wages  of 
each  company  ? 

7.  A  and  B  are  partners.  A's  capital  is  to  B's  as  5  to  8 ;  at 
the  end  of  4  months  A  withdraws  ^  of  his  capital,  and  B  |  of 
his ;  at  the  and  of  the  year  their  whole  gain  is  9  4000.  How 
much  belongs  to  each  ? 

8.  B,  C,  and  D  form  a  manufacturing  company,  with  capi- 
taJs  of  $13800,  $25000,  and  $30000  le^^eJtv^A^.    K1\rx  V 
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months  6  draws  out  $  1300,  and  in  2  months  more  he  draws 
out  $  1500  more,  and  4  iponths  afterward  puts  in  $  1000.  C 
draws  out  $  2000  at  the  end  of  G  months,  and  $  1500  more  4 
months  afterward,  and  a  month  later  puts  in  $  800.  D  puts 
in  $  1800  at  the  end  of  7  months,  and  3  months  later  draws 
out  $  5000.  If  their  gain  at  the  end  of  18  months  is  $  15000, 
how  much  should  each  receive  ? 

9.  The  joint  stock  of  a  company  was  $  5400,  which  was 
doubled  at  the  end  of  the  year.  A  put  in  ^  for  f  of  a  year,  B 
put  in  I  for  ^  of  a  year,  and  C  put  in  the  remainder  for  one 
year.  What  is  each  one's  share  of  the  entire  stock  at  the  end 
of  the  year  ? 

10.  Three  men  engaged  in  merchandising.  A's  money  was 
in  10  months,  for  which  he  received  $  456  of  the  profits ;  B*s 
was  in  8  months,  for  which  he  received  $  343.20  of  the  profits ; 
and  C's  was  in  12  months,  for  which  he  received  $  750  of  the 
profits.  If  their  whole  capital  invested  was  $  14345,  how 
much  was  the  capital  of  each  ? 

11.  Three  men  take  an  interest  in  a  coal  mine.  I J  invests 
his  capital  for  4  months,  and  claims  -^  of  the  profits ;  C's  cap- 
ital is  in  8  months ;  and  D  invests  $  6000  for  6  months  and 
claims  ^  of  the  profits.     How  much  did  B  and  C  put  in  ? 

12.  A,  B,  and  C  engage  in  manufacturing  shoes.  A  puts 
in  $  1920  for  6  months ;  B,  a  sum  not  specified  for  12  months ; 
and  C,  $  1280  for  a  time  not  specified.  A  received  $  2400  for 
his  stock  and  profits,  B  $  4800  for  his,  and  C  $  2080  for  his. 
What  were  B's  stock,  and  C's  time  ? 

13.  William  Gallup  began  trade  January  1,  1895,  with  a 
ca^pital  of  $  3000,  and,  succeeding  in  business,  took  in  M.  H. 
Decker  as  a  partner  on  the  first  day  of  the  following  March, 
with  a  capital  of  $  2000 ;  four  months  later,  Ihey  admitted  J. 
Newman  as  third  partner,  who  put  in  $  1800  capital ;  they  con- 
tinued their  partnership  until  April  1, 1897,  wh?n  they  found 
that  $  4.*^8.80  had  been  gained  since  January  1.  1895.  What 
was  each  one's  share  ?  ^ 
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498.  Allis^tion  treats  of  mixing  or  compounding  two  or 
more  ingredients  of  different  values  or  qualities. 

499.  The  Mean  Price  or  Value  is  the  average  of  the  ingre- 
dients, or  the  price  or  value  of  a  unit  of  the  mixture. 

600.  The  Simples  are  the  unmixed  ingredients. 

601.  Alligation  Medial  or  Average  is  the  process  of  finding 
the  mean  or  average  value  of  several  ingredients  (§  186). 

502.  Alligation  Alternate  is  the  process  of  finding  the  quan- 
tities at  given  values  to  be  used  in  any  mixture  of  a  given 
average  value. 

Examples. 

503.  To  find  the  proportional  quantity  of  each  ingredient  to  be 
used,  the  mean  value,  and  values  of  the  ingredients,  being  given. 

1.  A  farmer  wishes  to  mix  oats  worth  $.50  a  bushel,  with 
peas  worth  $  2.00  a  bushel,  to  make  a  mixture  worth  $  1.75  a 
bushel.    What  quantity  of  each  may  he  take  ? 

Solution.  —  If  a  mixture  in  any  proportion 
of  oats  worth  $  .60  a  bushel,  and  peas  worth 
$2.00  a  bushel,  is  sold  for  f  1.75,  there  will  be 
a  gain  on  the  oats,  the  ingredient  worth  less 
than  the  mean  price,  and  a  loss  on  the  peas, 
the  ingredient  worth  more  than  the  mean  price,  and  if  we  take  such  quanti- 
ties of  each  that  the  gain  and  loss  are  each  9 1.00,  a  unit  ofvalue^  the  result 
will  be  the  required  mixture.  By  selling  1  bushel  of  oats  worih  ^  .50  for 
$  1.75,  there  is  a  gain  of  |^  1.75  —  $  .50  =  ff  1  25,  and  to  gain  only  $  1.00  we 
must  take  |}J  =  4  of  a  bu.  Hence  we  place  |  opposite  the  $  .50.  By 
selling  1  bushel  of  peas  worth  92.00  for  91.75,  there  is  a  loss  of  9 .25,  and 
to  lose  9 1.00,  we  must  take  \^^  =  4  bushels ;  henoe  we  place  4  bushels 
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opposite  the  $2.00.  Therefore  |  bu.  oate  to  4  bu.  peas  are  the  propor- 
tional quantities  required.  But  since  multiplying  both  terms  of  a  ratio 
by  the  same  number  does  not  alter  its  value  (§  459)  we  may  change  |  to 
an  integer  by  multiplying  both  |  and  4  by  6,  the  least  common  multiple 
of  the  denominator ;  and  we  obtain  the  integers  4  and  20  for  the  propor- 
tional terms.  1  hat  is,  we  may  take  4  bu.  of  oats  to  20  bu.  of  peas.  To 
prove  this,  4  bu.  of  oats  at  $  .50  cost  $  2.00 ;  20  bu.  of  peas  at  $ 2.00  cost  $  40 ; 
hence  24  bu.  of  the  mixture  cost  $42,  and  1  bu.  costs  f  1.75  as  required. 

2.  What  relative  quantities  of  candy  at  7  cents,  8  cents,  11 
cents,  and  14  cents  per  pound,  must  a  manufacturer  mix  to 
produce  a  mixture  worth  10  cents  per  pound  ? 

Solution.  —  To  preserve  the  equality  of 
gains  and  losses;  we  must  compare  two  prices 
or  simples,  one  greater  and  one  less  than  the 
mean  rate,  and  treat  each  pair  or  couplet  as 
a  separate  example.  Thus,  comparing  the 
simples  whose  prices  are  7  cents  and  14  cents, 
we  find  that,  to  gain  1  cent,  ^  of  a  pound  at  7 
cents  must  be  taken,  and,  to  lose  1  cent,  |  of 
a  pound  at  14  cents  must  be  taken ;  and  com- 
paring the  simples  the  prices  of  which  are  8 
cents  and  11  cents,  we  find  that  ^  pound  at 
8  cents  must  be  taken  to  gain  1  cent,  and  1 
pound  at  1 1  cents  must  be  taken  to  lose  1  cent, 
'iliese  proportional  terms  are  written  in  col- 
umns 1  and  2.  We  now  reduce  these  couplets 
separately  to  Integers,  as  in  the  last  example, 

writing  the  results  in  colnnms  3  and  4 ;  and  arranging  all  the  terms  in 

column  5,  we  have  4,  1,  2,  and  3  for  the  proportional  quantities  required. 
If  we  compare  the  prices  7  and  11  for  the  first  couplet,  and  the  prices  8 

and  14  for  the  second  couplet,  as  in  the  second  operation,  we  shall  obtain 

1,  2,  3,  and  1  for  the  proportional  terms. 

3.  What  quantities  of  flour  worth  f  4,  3  5.60,  and  f  6  a  bar- 
rel, must  be  sold  to  realize  an  average  price  of  $  5.50  a  barrel  ? 

opERATiox.  Solution.  —  Comparing  the  first 

price  and  the  third,  with  $1  as  a 
unit,  we  obtain  the  couplet  }  to  2 ; 
and  comparing  the  first  price  with 

9  5.50  5.60  10  30  30     the  second  we  obtain  the  couplet 

}  to  10.  deducing  the  couplets  to 
integers  we  find  that  we  may  take 

2  barrels  of  the  first  kind  with  6  of  the  thud,  and  2  of  the  first  kind  with 

90  of  the  second.    These  two  combinatioas  taken  together  give  4  of  the 

fii-st  kind  with  30  of  the  second  and  6  of  the  third. 
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RiTLE.  —  I.  Write  the  values  of  the  severed  ingredients  in  a 
column^  and  the  mean  value  al  the  left. 

II.  Consider  any  two  values^  one  of  which  is  less  and  tlie  other 
greater  than  the  mean  value,  as  forming  a  couplet;  find  the  differ- 
ence between  each  of  these  values  and  the  mean  value,  and  write 
the  reciprocal  of  each  difference  opposite  the  given  value  in  tlie 
couplety  as  one  of  the  proportional  tenns.  In  like  manner  form  the 
couplets,  till  all  the  values  have  been  employed,  writing  each  pair 
of  proportional  terms  in  a  separate  column. 

III.  If  the  proportional  tenns  thus  obtained  are  fractional,  mul- 
tiply each  pair  by  the  lea^  common  multiple  of  their  denominators, 
and  carry  these  integral  products  to  a  single  column,  adding  any 
two  or  more  that  stand  in  the  same  horizontal  line  ;  the  final 
results  will  be  the  proportional  quantities  requii'ed, 

Nom.  —  1.  If  the  nambers  in  aoy  couplet  or  column  have  a  common  flietor,  it  may  be 
rejected,  and  If  the  denominator  of  two  or  more  fractions  in  any  couplet  have  a  common 
Ihetor,  it  may  alao  be  rejected.  Thus  ^V  =  i  )<  i  ^nd  sa  =  1  ><  I '«  hence  \  may  be  rejected, 
^'^  "h  •  A  °>^y  ^  expressed  )  :  |. 

2.  We  may  also  multiply  the  numbers  in  any  c«)nplet  or  column  by  any  multiplier  we 
choose,  without  idfecting  the  equality  of  the  gains  and  lo:i:M>s,  since  the  value  of  a  ratio 
remains  unchanged  when  both  its  tenns  are  multiplied  by  the  some  number  ($  4{$9).  We  may 
thus  obtain  an  indefinite  number  of  results,  all  of  which  will  give  correct  answers. 

4.  A  farmer  had  three  pieces  of  land  worth  $  40,  9  60,  and 
9  80  an  acre  respectively.  How  many  acres  must  he  sell  from 
the  different  tracts^  to  realize  an  average  price  of  $  62.50  an 
acre? 

5.  A  retailer  places  on  a  bargain  counter  silks  at  9  -60,  9 ,50, 
9 .42,  9  >38,  and  $  .30  a  yard,  and  marks  them  all  at  9 .45. 
How  many  yards  of  each  kind  must  he  sell  so  as  neither  to 
gain  nor  lose  ? 

6.  How  may  wheat  worth  $  .56,  9  -40,  and  9 .60  a  bushel  be 
mixed  to  produce  a  mixture  worth  $  .55  a  bushel  ? 

7.  What  relative  quantities  of  silver  f  pure,  ^  pure,  and 
-^  pure,  will  make  a  mixture  J  pure  ? 

8.  What  relative  quantities  of  alcohol  75%,  80%,  98%,  and 
99%  pure,  must  be  mixed  to  produce  a  mixture  which  shall  be 
95%  pure? 
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504.  To  find  the  proportion  of  all  the  quantities  when  two  or 
more  of  the  quantities  are  required  to  be  in  a  certain  proportion. 

1.  A  farmer  having  oats  worth  $  .30  per  bushel,  corn  worth 
$  .52  per  bushel,  and  wheat  worth  $  .62  per  bushel,  desires  to 
form  a  mixture  worth  $.50  per  bushel,  which  shall  contain 
equal  parts  of  corn  and  wheat.  In  what  proportion  shall  the 
ingredients  be  taken  ? 

Solution.  —  We  first  obtain  the  pro- 
portional terms  in  columns  3  and  4,  as 
in  Example  '6,  §  503,  taking  I  cent  aa 
the  unit  or  standard.    Now,  it  is  evi- 
50  52    1  10  10     dent  that  the  loss  and  gam  will  be 

equal  if  we  take  each  couplet,  or  any 
multiple  of  each,  alone ;  or  both  coup- 
lets, or  any  multiples  of  both,  together.  Multiplying  the  terms  in  column 
4  by  2,  we  obtain  the  terms  in  column  5;  and  adding  the  terms  in 
columns  3  and  6,  we  obtain  the  terms  in  column  C ;  that  is,  the  farmer 
takes  7  bushels  of  oats  to  10  of  com  and  10  of  wheat,  which  is  the 
required  proportion. 

Rule.  —  I.  Compare  the  given  values^  and  obtain  the  propor- 
tional term  by  couplets,  cw  in  §  503. 

II.  Reduce  tJie  couplets  to  higher  or  lower  terms,  as  may  be 
required;  tlven  select  the  columns  aJt  pleasure,  and  combine  them 
by  adding  the  terms  in  the  sam£  horizontal  line,  till  a  set  of  pro- 
portional terms  is  obtained,  answering  die  required  conditions, 

2.  A  grocer  has  four  kinds  of  molasses,  worth  $  .25,  $  .35, 
9 .28,  and  9 .38  per  gallon,  respectively.  In  what  proportions 
may  he  mix  the  four  kinds,  to  obtain  a  compound  worth  $  .30 
per  gallon,  using  equal  parts  of  the  first  two  kinds  ? 

3.  In  what  proportions  may  we  take  candy  at  $  .07,  $  .08, 
3.13,  and  $.15  a  pound,  to  form  a  compound  worth  J. 10  a 
pound,  using  equal  parts  of  the  first  three  kinds  ? 

4.  A  miller  has  oats  at  $  .30,  corn  at  $  .50,  and  wheat  at 
$.70  per  bushel.     He  desires  to  form  a  mixture  worth  $.60 

per  bushel,  using  equal  parts  oi  oaXa  «jCkdL  ^iofitxi.   What  quantity 
of  each  must  he  use? 
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505.  To  find  the  proportion  when  the  quantity  of  one  of  the 
ingredients  is  limited. 

1.  A  miller  has  oats  worth  9-38,  com  worth  9*44,  and 

barley  worth  $  .^b  per  bushel.     He  wishes  to  form  a  mixture 

worth  $  .58  per  bushel,  containing  100  bushels  of  corn.     How 

many  bushels  of  oats  and  barley  may  he  take  ? 

Solution.  —  By  §  503,  we  find 
the  proportional  quantities  to  be  7 
bushels  of  oats  to  1  of  corn  and  22 
of  barley.    But  as  100  bushels  uf 

58  *(  44  ,*T  11     100      corn,  instead  of  1,  are  required,  wj 

must  multiply  this  term  by  100,  and 
to  preserve  the  proportion  the  other 

two  terms  must  also  be  multiplied  by  100 ;  we  theu  have  700  bushels  of 

oats,  and  2200  bushels  of  barley. 

BuLE. — Find  the  proportional  quantities  by  §  503.  Divide 
the  given  quantity  by  the  proportional  quantity  of  this  ingredient, 
and  multiply  each  of  the  other  proportional  quantities  by  the  quo- 
tient thus  obtained. 

2.  A  dairyman  bought  10  cows  at  $  20  a  head.  How  many 
must  he  buy  at  $  16,  $  18,  and  $  24  a  head,  so  that  the  whole 
may  cost  him  an  average  price  of  $  22  a  head  ? 

3.  A  man  bought  12  yards  of  cloth  for  $  15.  How  many 
yards  must  he  buy  at  $  If,  and  $  |  a  yard,  that  the  average 
price  of  the  whole  may  be  $  1^  a  yard  ? 

4.  How  much  water  will  dilute  9  gal.  2  qt.  1  pt.  of  alcohol 
96  %  strong  to  84  %  ? 

6.  A  grocer  mixed  teas  worth  $  .30,  $  .55,  and  $  .70  per  pound, 
forming  a  mixture  worth  $  .45  per  pound,  having  equal  parts 
of  the  first  two  kinds,  and  12  pounds  of  the  third  kind.  How 
many  pounds  of  each  of  the  first  two  kinds  did  he  take  ? 

6.  How  many  gallons  of  water  must  I  mix  with  36  gallons 
of  vinegar  worth  $.35  per  gallon  to  make  a  mixture  worth 
$  .30  per  gallon  ? 

7.  How  many  pounds  of  tea  worth  $.45  and  $.50  a  lb. 
respectively,  must  be  mixed  with  20  lb,  ^  %  3f^  ^\b,^  \ssakA 

B  mixture  worth  $  .40  a  lb.  ? 
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506.  To  find  the  proportion  when  the  quantities  of  two  or 
more  of  the  ingredients  are  limited. 

1.  How  many  bushels  of  wheat  at  $.75  a  bushel  and  of 
peas  at  $  2.00  a  bushel,  must  be  mixed  with  18  bushels  of  oats 
at  $  .40,  8  bushels  of  corn  at  $  .50,  and  4  bushels  of  barley  at 
9 .65,  that  the  mixture  may  be  worth  9  -76  per  bushel  ? 


OPERATION. 


.40x18  =  3  7.20 
.50  X  8=  4.00 
.05  X    4=      2.00 


30  )  9 13.80 
Mean  price  of  the 
given  simples 


9     .40 
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46 
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62 

62 
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1 

124 

124 

200 

rk 

Tk 

15 

1 

16 

6 


62  xH 

124  X  If 

16xH 


30 
60 
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Solution.  —  Of  the  given  quantities  there  are  18  +  8  +  4  =  30  hoshels, 
whose  mean  or  average  price  we  find  by  §  187  to  be  $.46.  We  are  there- 
fore required  to  mix  30  bushels  of  grain  worth  $.46  per  bushel,  with 
wheat  at  $.75  and  peas  at  $2.00  to  make  a  mixture  worth  $.76  a  bushel. 
Proceeding  as  in  §  505,  we  find  there  will  be  required  60  bushels  of  wheat 
and  Ijl  bushels  of  peas. 

Rule.  —  Consider  those  ingredients  whose  quantities  and  values 

are  given  as  forming  a  mixtdre,  and  find  their  mean  value  by 

§  187 ;   then  consider  this  mixture  cw  a  single  ingredient  whose 

quantity  and  value  are  known,  and  find  the  quantities  of  the 

other  ingredients  by  §  505. 

If  in  reducing  the  fractions  to  integers,  we  do  not  multiply  by  their 
least  common  denominator,  different  mixtures  may  result  which  will  also 
answer  the  conditions.  This  will  always  be  the  case  except  when  each 
couplet  is  multiplied  by  the  same  multiple  of  its  least  common  denomi- 
nator. Thus  in  the  example  given  above,  if  we  made  column  3,  124 
(2  X  62)  and  30  (2  x  15)  and  column  4,  248  (2  x  124)  and  2  (2x1) 
the  answer  would  be  the  same.  The  following  are  illustrations  of  differ- 
ent results. 
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76 


46 

75 

200 
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OPERATION. 


O 


124 
30 


124 
1 


124 

124 

31 


124  X  ^  =  30 
124x^^:f  =  30 

31x^3^=  n 


76 


46 

i. 

62 

62 

75 

1 

1860 

1860 

200 

yh 

Tk 

15 

16 

30 

62xH=    30 
1860  X  fl  =  ^^ 
30xM=    l^if 


1 


I 


SoLCTxoH. — In  the  first  case,  first  couplet  —x  30x124  =  124  and 

jTz  X  30  X  X'fi  =  30.    In  the  second  couplet  we  multiply  1  and  y^^  each 

by  124.  Adding  columns  3  and  4  and  then  proceeding  as  before  we  have 
the  proportion  30,  30,  and  7\.  These  results  prove  to  be  correct,  for 
(30  X  $.46)  +  (30  X  $.76)  +  (7^  x  $2.00)  =  $51.30  ;  30  +  30  +  7i  =  67^  ; 
$61.30  -4-67^  =  $.70,  the  required  price  of  a  bushel  of  the  mixture. 

In  the  second  case  we  multiply  the  first  couplet  by  its  least  common 
denominator,  1860,  and  obtain  62  and  15 ;  we  also  multiply  the  second 
couplet  by  1800  and  obtain  1860  and  15.  Proceeding  as  before  we  find 
the  proportion  to  be  30,  900,  14 jf.  These  results  prove  to  be  correct, 
for  (3ax  $.46) +  (900  X  $.76)  + (14i$x  $2.00)  =$717.83^7-;  80  +  900 
+  Hi  J  =  944if.  $717.83i^  -s-  9441 J  =  $.76.  Hence  it  is  evident  that 
an  indefinite  number  of  correct  results  might  be  obtained. 

2.  A  man  bought  7  yards  of  cloth  @  $  2.20,  and  7  yards  @ 
9  2.  How  much  must  he  buy  @  $  1.60,  and  @  9 1.75  that  the 
average  price  of  the  whole  may  be  $  1.80  ? 

3.  How  much  sugar  at  $  .07  per  pound  and  $  .03  per  pound 
must  be  mixed  with  5  lb.  (^  $  .04  and  2  lb.  (^  $  .08  to  make  a 
mixture  worth  $  .06  per  pound  ? 

4.  A  farmer  has  40  bushels  of  wheat  worth  $  2.00  a  bushel, 
and  70  bushels  of  corn  worth  $  ^  a  bushel.  How  many  oats 
worth  3  i  a  bushel  must  he  mix  with  the  wheat  and  corn  to 
make  the  mixture  worth  9  -60  a  bushel  ? 

5.  A  man  bought  2  pounds  of  tea  at  $  .40  a  pound  and  6 
pounds  at  $  .60  a  pound.  How  much  must  he  buy  at  $  .75  a 
pound  and  9  -69  a  pound  respectively  to  make  a  mixtui'e  worth 
f  .65  a  pound  ? 
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OPEBATION. 
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13 

4 
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2 

24 
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1 
6 

12 
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C07.  To  find  the  proportion  when  the  quantity  of  the  whole 
compound  is  limited. 

1.  A  tradesman  has  three  kinds  of  tea,  worth  $.30,  $.45, 

and  $.60  per  pound,  respectively.     What  quantities  of  each 

should  he  take  to  form  a  mixture  of  72  pounds,  worth  $  .40 

per  pound  ? 

Solution.  —  By  §  603  we  find  the 
proportional  quantities  to  form  the 
mixture  to  he  3  lb.  at  $  .30,  2  lb.  at 
0.45,  and  1  lb.  at  $.60.  Adding 
these  proportional  quantities,  we  find 
that  they  would  form  a  mixture  of  0 
pounds.  And  since  the  required  mix- 
ture is  ^^  or  12  times  0  pounds,  we 
multiply  each  of  the  proportional  terms  by  12,  and  obtain  for  the 
required  quantities,  36  lb.  at  $.:M,  24  lb.  at  $.45,  and  12  lb.  at  $.60. 

Rule.  —  Fiyid  the  proportional  numbers  as  in  §  503.  Divide 
the  given  quantity  by  the  sum  of  the  propoHioTial  quantities 
and  multiply  each  of  tJie  proportiotiai  quantities  by  the  quotient 
thus  obtained, 

NoTB.  —  When  the  sum  of  the  proportional  parts  is  not  an  exact  divisor  of  the  given 
quantity,  each  couplet  must  be  multiplied  by  such  numbers  as  will  make  the  sum  uf  the 
proportional  parts  an  exact  divl&or  of  the  whole  quantity. 

2.  A  grocer  has  coffee  worth  $  .20,  $  .25,  and  $  .40  per  pound, 
respectively.  How  much  of  each  kind  must  he  use  to  fill  a 
cask  holding  250  lb.  that  shall  be  worth  $  .30  a  pound  ? 

3.  A  man  bought  154  calves,  sheep,  and  lambs  for  $  154.  He 
paid  $  Z\  for  each  calf,  $  1^  for  each  sheep,  and  $  ^  for  each 
lamb.     How  many  did  he  buy  of  each  kind  ? 

4.  A  man  paid  $1.65  to  55  laborers,  consisting  of  men, 
women,  and  boys;  to  the  men  he  paid  $5  a  week,  to  the 
women  $  1  a  week,  and  to  the  boys  $  ^  a  week.  How  many 
were  there  of  each  ? 

6.  A  man  who  sells  turkeys  at  $.75  each,  geese  at  $.50, 
ducks  at  $.35,  and  chickens  at  $.20,  receives  %bQ  for  140 
fowls.     How  many  of  each  does  he  sell  ? 

SnooESTioN.  —  i^ :  i : :  } :  3}.  If  we  make  the  couplets  i,  3|>  2,  and  1 
their  sum  will  be  7,  which  is  an  exaot  d\v\%0T  oi  V^. 
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508.  Per  Cent  is  a  contraction  of  the  Latin  phrase  per 
centum^  and  signifies  by  the  hundred  ;  that  is,  a  certain  part  of 
every  hundred  of  any  denomination.  Thus,  4  per  cent  means 
4  of  every  hundred. 

509.  Percentage  embraces  all  processes  of  computation  in 
which  the  basis  of  comparison  is  one  hundred, 

510.  The  character,  %,  is  generally  employed  in  business 
transactions  to  represent  the  words  per  cent;  thus  6%  signi- 
fies 6  per  cent. 

511.  Since  any  per  cent  is  some  number  of  hundredths,  it  is 
properly  expressed  by  a  decimal  fraction ;  thus  5  per  cent  = 
5%  =  .05.  Per  cent  may  also  be  expressed,  however,  by  a 
common  fraction,  as  follows : 

Decimals.  Common  Fractions.        Lowest  Terms. 

1     %  =  .01  =  Tiff  =  T*Tr 

20    %  =  .20  =        T^  =  i 

12^%  =  .126  =  tIj^  =  I 

100    %  =  1.00  =        1^  =  1 

\<fc  =  .0075  =  T^Vir  =  Tfr 

Examples. 

612.  Express  decimally  and  by  common  fractions  in  their 
lowest  terms : 

1.  3%.  6.     15%.  9.  ^%,  13.    i%.  17.    11^%. 

2.  9%.  e.  37%.  10.  ^%,  14.  1%.  18.  37|%. 
8.  16%.  7.  125%.  11.  8j%.  15.  ^%.  19.  42^%. 
4.  15%.  8.   184%.  12.  24%.  \^.   \%  ^t^,  %"vV\^ 
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21.   What  i>er  cent  is  .0725  ? 

Solution-.  —.0725=  .071  =  7}%  Ans. 
What  per  cent  is  : 

12.  .065?     25.  .014?     28.  .028?     31.  .004^^^ 

13.  .14375?    26.  .1025?    29.  .1324?     32.  .OOSjJj  ?        \ 

14.  .0975?     27.  .004?     30.  .084  J  ?     33.  .05 J  ? 

Change  the  following  fractions  to  equivalent  per  cents : 

14.  f  36.    f  38.    |.  40.     f  42.    ^j. 

15.  I.  37.    |.  39.    f  41.    vV  43.     f.  / 

513.  In  the  operations  of  Percentage  there  are  five  parts  or 

ilements,  namely :   Rate  Per  Cent,  Percentage,  Base,  Amount,  j 

tnd  Difference.  ! 

I 

514.  Rate  Per  Cent,  or  Rate,  is  the  decimal  which  denotes 

low  many  hundredths  of  a  number  are  to  be  taken.  I 

Notes. —  1.  Such  expressions  as  6  per  cent,  and  5%.  are  essentially  deoimaU,  the 
ro:  d )  per  cent^  or  the  character  %,  indicatinj^  the  decimal  denominator. 

^.  —  If  the  decimal  is  reduced  to  a  common  fraction  in  its  lotoeti  terms,  this  flraotion  will 
till  be  the  equivalent  rcUe^  though  not  the  rate  per  cent. 

515.  The  Percentage  is  that  part  of  any  number  which  is 
ndicated  by  the  per  cent. 

516.  The  Base  is  the  number  on  which  the  percentage  is 
omputed. 

517.  The  Amount  is  the  sum  obtained  by  adding  the  per-  ' 
entage  to  the  base. 

518.  The  Difference  is  the  remainder  obtained  by  subtracting 

he  percentage  from  the  base.  ( 

519.  Corresponding  to  the  five  elements  in  percentage,  there 
,re  five  Problems,  which  may  be  stated  as  follows : 

1.  Oiven  the  base  and  rate,  to  find  the  percentage,  amount,  ajid 
Ufference, 

2.  Given  the  percentage  and  base,  to  find  the  rate. 

3.  Given  the  percentage  and  rate,  to  find  the  base, 

4.  Given  the  amount  and  rate,  to  find  the  base, 
B.    Given  the  difference  and  nUe,  to  jlud  tlve>)aAe,. 
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Ezunples. 

SStO.  GiTen  the  base  and  rate,  to  find  the  percentage!  amonnt, 
and  difference. 

I.  What  is  4%  of  1^125,  and  what  are  the  amount  ai^ 
difference  ? 

$  125  OPBBATIOir. 

.04 
9  5.00,  Percentage.    Or,  ^g  of  $  125  =  $  5,  Percentage. 
9125+$5  =  «130,  Amt.    |^  125  -  |^ 5  =  |^  120,  DifL 

Or, 
100%  +  4%  =  104% ;  1.04  of  $  125  =  « 130,  Amt 
100%  -  4%  =  96%  ;      .96  of  f  125  =  f  120,  Diff. 

Solution.  — 4%  of  « 125  =  .04  of  ♦125,  or  95.  Or  4%  =  jj  ;  ^^5  of 
$  125  =  f  5,  percentage. 

Since  the  amount  is  the  base  plus  the  percentage,  it  is  9125  -f-  $5  =: 
9 190 ;  and  since  the  difference  is  the  base  minus  the  percentage,  it  is 
•  125  -  f  5  =  f  120.  Or,  the  base  100%  -(-  the  rate  4 %  =  104  %,  the  amount 
expressed  in  per  cent  104%  of  9 125  =  1.04  of  ^125  =  f  130,  Amt ;  and 
the  base  100%  —  the  rate  4%  =  96%,  the  difference  expressed  in  per  cent 
96%  of  ♦  125  =  .96  of  ♦  125  =  ♦  120,  Diff. 

Bulb.  —  I.  To  find  the  percentage.  —  Multiply  the  bcue  by  the 
rate  per  cent. 

II.  To  find  the  amount  — Add  the  percentage  and  base, 

III.  To  find  the  difference.  — Subtract  the  percentage  from  the 
base, 

IV.  To  find  the  amount  or  difference  directly  from  the 
base.  —  Add  tJie  rate  per  cent  to  100%,  and  multiply  tJie  base  by 
this  per  cent,  expressed  decim^y,  to  find  tJie  amount;  and  subtract 
tlie  raJte  from  100%,  and  multiply  tlie  base  by  the  result  to  find 
the  difference, 

NoTKS.  —  1.  When  the  given  per  cent  is  an  aliquot  pftrt  of  100,  multiply  by  the  aliquot 
part  expressed  by  a  fraction  in  its  lowest  terra.  Thus,  Instead  of  multiplying  by  83|%  talLa 
\  of  the  number.    If  the  per  cent  is  87|,  talce  |  of  the  numl>er,  etc. 

8.  To  find  10%  (=  ^)  of  a  number,  move  the  decimal  point  one  place  to  the  left. 

What  is : 

2.  4%  of  250 ?     6.  12i%  of  $  5600  ?     8.  75%  of  487  bu.  ? 

3.  7%  of  350 ?     6.     9%  of  785  lb.  ?       9.  33^%  of  275  men  ? 

4.  16^  of  324?    7.  25%  of  960  mV.*^   \^.  Vlo  ^^^"^^fc^^ 

ROB.   WEW  HIGHER  AH. — 20 


806  PERCENTAOB. 

Find: 

11.  105%  of  ?  6760.  13.   112J%of2450. 

12.  32%  of  $856.  14.   mf%  of  846. 

•L6.   a  man  owes  $536  to  A,  $450  to  B,  and  $784  to  C. 
How  much  money  will  be  required  to  pay  54%  of  his  debts  ? 

16.  My  salary  is  $  1500  a  yeax.  If  I  pay  15%  for  board,  5% 
for  clothing,  6%  for  books,  and  8%  for  incidentals,  what  are 
my  yearly  expenses  and  how  much  have  I  left  ? 

NoTB.— 15%  +  5%  +  6%  +  S%  =  M%.  In  all  cases  where  seTeral  rates  refer  to  the 
same  hoM^  they  may  be  added  or  sabtracted,  according  to  the  condttions  of  the  question. 

17.  A  man  having  a  yeai-ly  income  of  $3500,  spends  10% 
of  it  the  first  year,  12%  the  second  year,  and  18%  the  third 
year.     How  much  does  he  save  in  the  3  years  ? 

18.  A  had  $  6000  in  a  bank.  He  drew  out  25%  of  it,  then 
30%  of  the  remainder,  and  afterward  deposited  10%  of  what 
he  had  drawn.     How  much  had  he  then  in  bank  ? 

19.  A  began  business,  Jan.  1,  with  a  capital  of  $5400,  and 
at  the  end  of  1  year  his  ledger  showed  the  condition  of  his 
business  as  follows:  For  Jan.,  2%  gain;  Feb.,  3J%  gain; 
March,  i%  loss;  Apr.,  2%  gain;  May,  2^%  gain;  June,  1J% 
loss;  July,  1^%  gain;  Aug.,  1%  loss;  Sept.,  2f %  gain;  Oct, 
4%  gain;  Nov.,  |%  loss;  Dec,  3%  gain.  Find  the  profits 
and  the  amount  of  the  capital  at  the  end  of  the  year. 

521.   Given  the  percentage  and  base,  to  find  the  rate. 
1.   What  per  cent  of  360  is  18  ? 

OPERATION.  Solution.  ^— Since  the  percentage  is 

18  -!-  360  =  .05  =  5%  Ans.     always  the  produa  of  the  base  and  rate 


^  v^  520),  we  divide  the  given  percentage, 

^^^'  18,  by  the  given  base,  860,  and  obtain 

^^  =  ^=  .05  =  5%  Ans.  the  required  rate,  .05  =  5%. 

Rule.  —  Divide  the  percentage  by  Hie  base. 
What  per  cent  of : 

2.  $  720  is  $  21.60  ?  5.   46  gal.  is  5  gal.  3  qt  ? 

3.  1560  lb.  is  234  lb.  ?  6.   7.85  mi.  is  5.495  mi.  ? 
4.   980 rcL  ia  49  idi.?  1.  ^*^\^ 
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8.  An  editor  having  5600  subscribers,  lost  448.    What  was 
his  loss  per  cent  ? 

9.  A  merchant  owes  $7560,  and  his  assets   are  $4914. 
What  per  cent  of  his  debts  can  he  pay  ? 

10.  A  man  shipped  2600  bushels  of  grain  from  Chicago,  and 
455  bushels  were  thrown  overboard  during  a  gale.  What  was 
the  rate  per  cent  of  his  loss  ? 

11.  A  miller  having  720  barrels  of  flour,  sold  288  barrels. 
What  per  cent  of  his  stock  remained  unsold  ? 

12.  In  a  class  examination,  165  questions  were  submitted  to 
each  of  the  5  members ;  A  answered  130,  B  125,  C  96,  D  110, 
and  E  160.    What  was  the  standing  of  the  class  ? 

622.  Given  the  percentage  and  rate,  to  find  the  base. 

I.  18  is  5  %  of  what  number  ? 

1Q        an  ^  ^iaa'   j  Solctioic.  —  Since  the  percentage  is  always 

1»  -t.  .05  —  tK)U  Arts,  the  produce  of  the  baae  and  rate  (§620),  we 

Or,  divide  the  given  percentage,  18,  by  the  given 

18  -!-  ^  =  360  Ans,  rate,  .05,  or  ^,  and  obtain  the  base,  360. 

Rule.  —  Divide  the  percentage  by  the  rate. 
What  is  the  number  of  which : 

2.  18  is  25  %  ?  4.   17.5  is  2^%  ?  6.     414  is  120  %  ? 

3.  54  is  15  %  ?  5.   2.28  is  5  %?  7.   6119  is  105^%  ? 

8.  The  percentage  is  9  18.75,  and  the  rate  is  2^%.   What  is 
the  base  ? 

9.  The  percentage  is  31  J,  and  the  rate  31J%.  What  is  the 
base? 

10.  I  sold  my  house  for  $4578,  which  was  84%  of  its  cost. 
What  was  the  cost  ? 

II.  A  wool  grower  sold  3150  head  of  sheep,  and  had  30%  of 
his  original  stock  left.     How  many  sheep  had  he  at  first  ? 

12.  A  man  drew  40%  of  his  bank  deposits,  and  expended 
13^%  of  the  money  thus  drawn  in  the  purchase  of  a  carriage 
worth  $  116.    How  much  money  had  he  in  bank  ? 

13.  If  $147.56  is  13^%  of  A's  money,  and  4J%  of  A's 
money  is  8%  of  Ws,  how  muc\v  moie  mavve^  V^a  k*OwiKv^'\ 
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14.  In  a  battle  4%  of  Hie  army  were  slain  upon  the  field; 
and  5%  of  the  remainder  died  of  wounds,  in  the  hospital. 
The  difference  between  the  killed  and  the  mortally  wounded 
was  168.    How  many  men  were  there  in  the  army  ? 

SuooB8Tioir.~lwO()%-4%-9r%,  left  ftfter  the  battle;  and  5%  of  !Ht%  =  4|%,  the 
part  of  the  army  tliat  died  of  wounds.    The  difference  between  4%%  and  4%  is  |  %. 

16.  A  owns  f  of  a  prize  and  B  the  remainder;  after  A  has 
taken  40%  of  his  share,  and  B  20%  of  his  share,  the  remain- 
der is  equitably  divided  between  them  by  giving  A  $1950 
more  than  B.    What  is  the  value  of  the  prize  ? 

523.   Given  the  amount  and  rate,  to  find  the  base. 

1.  What  number  increased  by  5%  of  itself  is  equal  to  378  ? 

OPKRATION 

1  -L     A*?  —  1  0^  SoLUTiow.  —  If  any  number  is  increased 

±  -I-    .uo  —  l.UO  ^jy  gy^  Qj  .^j^^  ^^  amount  wUl  be   1.05 

378  -!-  1.05  =  360  Ans.      times  the  number.     We  therefore  divide 

Or,  the  given  amovnt,  378,  by  1.05,  or  |^,  and 

1  JL  =  ^  obtain  the  base^  300,  which  is  the  number 

378  -!-  S  =  ^0  An».         '^"''^ 

KuLE.  —  Divide  the  amount  by  1  j^tis  the  rate, 

NoTB.  —  The  amount  is  always  a  product^  uf  which  the  base  Is  one  Ihetor,  and  1  plaa 
the  rate  the  other  Ihctor. 

2.  What  number  added  to  15%  of  itself  is  equal  to  644  ? 

3.  A  has  9815.36,  which  is  4%  more  than  B  has.  How 
much  money  has  B  ? 

4.  Having  increased  my  stock  in  trade  by  12%  of  itself,  I 
find  that  I  have  $  3800.   How  much  had  I  at  first  ? 

6.  In  1890  the  population  of  Albany  was  164555,  which 
was  an  increase  of  6  5^%  over  that  of  1880.  What  was  the 
population  in  1880  ? 

.  6.  My  crop  of  wheat  this  year  is  8%  greater  than  my 
crop  of  last  year,  and  I  have  raised  during  the  two  years  5200 
bushels.    What  was  my  last  year's  crop  ? 

BrooESTiON.  — 1.00  +  l.OS  »  2. OS.    Hence,  5200  bu.  »  2.0S  of  last  year*s  crop. 

7.  The  net  profits  of  a  nursery  in  two  years  were  $  6970, 
and  the  profits  the  second  year  were  5%  greater  than  the 
profits  the  first  year.   What  were  the  profits  each  year  ? 
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8.  If  a  nuniber  is  increased  8%,  and  the  amount  is  in- 
creased 7%,  the  result  will  be  86.67.     What  is  the  number  ? 

SrccESTiox.  — The  whole  unount  \rlll  be  l.OS  x  l.OTa  1.1556  times  the  oii^nal  number. 

9.  A  produce  dealer  bought  grain  by  measure,  and  sold  it 
by  weight,  thereby  gaining  1|%  in  the  number  of  bushels. 
He  sold  at  a  price  5%  above  his  buying  price,  and  received 
9  4910.976  for  the  grain.  What  was  the  cost  ? 

10.  B  has  6%,  and  C  4%  more  money  than  A,  and  they 
all  have  $  11160.     How  much  money  has  A  ? 

11.  In  the  erection  of  a  house  I  paid  twice  as  much  for 
material  as  for  labor.  Had  I  paid  6%  more  for  material,  and 
9%  more  for  labor,  my  house  would  have  cost  $  1284.  What 
was  its  cost  ? 

524.  Given  the  difference  and  rate,  to  find  the  baae. 

1.  What  number  diminished  by  5%  of  itself,  is  equal  to 
342? 

OPERATION. 

1  —  .05  =  .96  Solution.  —  If  any  number  is  diiniuished 

342  -I-  .95  =  360  Ana,  ^y  ^%  ^^  itself,  the  difference  will  be  .95  of 

^  the  number.     We  therefore  divide  the  given 

^^'  difference,  342,  by  .95,  or  }j(,  and  obtain  the 

1  —  iftr  ^  M  base,  3d0,  which  is  the  required  number. 

342  -!-  it  =  360  Ans. 

EuLE.  —  Divide  the  difference  by  1  minus  the  rate. 

KoTB.  — The  difference  is  always  a  product,  of  which  the  baae  is  one  fiwtor,  and  1  minus 
the  rate  the  other. 

2.  What  number  less  10%  of  itself  equals  504? 

3.  The  rate  is  8%  and  the  difference  4^4.37.  What  is  the 
base? 

4.  After  taking  away  15%  of  a  heap  of  grain,  there  re- 
mained 40  bu.  3^  pk.   How  many  bushels  were  there  at  first  ? 

5.  Having  sold  36%  ot  my  land,  I  have  224  acres  left. 
How  much  land  had  I  at  first  ? 

6.  After  paying  65%  of  my  debts,  I  find  that  9  2590  will 
discharge  the  remainder.    How  much  did  I  owe  in  all  ? 
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7.  A  young  man  having  received  a  fortune,  deposited  80% 
of  it  in  a  bank.  He  afterward  drew  20%  of  his  deposit,  and 
then  had  $  5760  in  bank.    What  was  his  entire  fortune  ? 

8.  A  man  owning  ^  of  a  ship,  sold  12%  of  his  share  to  A, 
and  the  remainder  to  6,  at  the  same  rate,  for  $  20020.  What 
was  the  estimated  value  of  the  whole  ship  ? 

9.  An  army  which  has  been  twice  decimated  in  battle,  now 
contains  only  6480  men.     What  was  the  original  number  ? 

10.  Each  of  two  men,  A  and  B,  desired  to  sell  his  horse  to 
C.  A  asked  a  certain  price,  and  B  asked  50%  more.  A  then 
reduced  his  price  20%,  and  B  his  price  30%,  at  which  prices 
C  took  both  horses,  paying  for  them  $  148.  What  was  each 
man's  asking  price  ? 

11.  A  buyer  expended  equal  sums  of  money  in  the  pur- 
chase of  wheat,  com,  and  oats.  In  the  sales,  he  cleared  6% 
on  the  wheat,  and  3%  on  the  com,  but  lost  17%  on  the  oats ; 
the  whole  amount  received  was  $  2336.  What  sum  did  he  lay 
out  in  each  kind  of  grain  ? 

829.  If  we  use  the  initial  letters  for  base,  percentage,  rate, 
amount,  and  difference,  the  cases  in  percentage  may  be  briefly 
stated  by  the  following  formulas : 

p  =  b  X  r. 

a  =  6  4-  _p  or  6  X  (1  -h  r). 

d  =  6  —  p  or  6  X  (1  —  r). 

r=p  -s-  b 

6  =  p  -h  r  =  a  -i-  (1  +  r)  =  d  -<-  (1  —  r). 

626.  The  chief  applications  of  Percentage,  where  time  is  not 
considered,  are  Profit  and  Loss,  Commission  and  Brokerage, 
Trade  Discount,  Insurance,  Taxes,  General  Average,  Duties  and 
Customs,  Stocks  and  Bonds.  Since  the  five  problems  in  Per- 
centage involve  all  the  essential  relations  of  the  parts  or  ele- 
ments, we  have  for  the  above  applications  the  following  rule : 

General  Rule.  —  Note  what  elements  of  Percentage  are  given 
in  the  example,  and  wTuU  element  is  required;  then  apply  the 
special  rule  for  the  corresponding  case. 
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PROFIT  AND  LOSS. 

527.  Profit  and  Loss  are  commercial  terms,  used  to  express 
the  gain  or  loss  in  business  transactions. 

528.  Gains  and  losses  are  usually  estimated  at  some  rate 
per  cent  on  the  money  first  expended  or  invested. 

The  calculations  in  profit  and  loss  are  based  on  the  follow- 
ing relations : 

I.  The  Cost  corresponds  to  the  Base, 

II.  The  Per  Cent  of  profit  or  loss  corresponds  to  the  Bate 
Per  Cent. 

III.  The  Profit  or  Loss  corresponds  to  the  Percentdge. 

IV.  The  Selling  Price  corresponds  to  the  Amount  or  Differ- 
ence, according  as  it  is  greater  or  less  than  the  cost. 

NoTX. — The  prime  eo«t  Is  the  actaal  oost  of  the  article  boaght;  the  gross  cost  or 
eniirs  eost  U  the  total  cost  Incladlng  expeaaes  Incurred  for  freight,  oommiasioii,  repairs,  etc. 

Sxamples. 

529.  1.  A  merchant  bought  cloth  for  $3.25  per  yard,  and 
gained  8%  in  selling.  Find  the  gain  and  the  selling  price.  If 
he  lost  8%,  find  the  loss  and  selling  price. 

OPERATION.  Solution. — According 

/j^K  to  §  620,  we  multiply  ^3.25, 

•     o      n   •  '^®  ^®®'  ^^  base,  by  .08,  and 

$3.25  X      .08  =  $   .26,  Gain.  ^^  Yi2Lve  f  .20  for  the  gain 

$  3.26  +  $  .26  =  $  3.51,  Selling  Price,  or  loss.    This,  added  to  the 

cost,  gives  the  selling  price 
^r>  of  the  firet  example,  and, 

$  3.25  X     1.08  =  $  3.61,  Selling  Pi-ice.   subtracted  from  the  cost, 

the    selling    price    of    the 
(2)  second. 

$  3.25  X      .08  =  $   .26,  Loss.  Or,  we  may  find  the  sell- 

$  3.25  -  $  .26  =  $  2.99,  Selling  Price    *^^  PJ*^^  ^}^f?  ^^  ^^\ 
V  »^.-«v       yr     y'       ^         9  e>  (jog^  ijy  multiplying  the  cost 

Or,  by  1  plus  the  rate  where 

♦  3.26  X     .92  =  »2.99,  Selling  Price.  S^'^^t'^tv^^^iiU 

is  a  loss  (§  520,  IV.). 
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2.  A  jobber  invested  9  2560  in  dry  goods,  and  realized 
$  384  net  profit.  What  was  the  rate  per  cent  of  his  gain  ?  If 
he  had  lost  $  384,  what  would  have  been  the  rate  of  his  loss  ? 

OPERATION.  SoixTioN.  —  Accoitiino:  to  §  521,  we 

f  384 -s- ^  2560  =  15%  Aiis,    divide  the  gain  or  loss,  $384,  which 

is  the  percentage^  by  the  cost,  $2560, 
which  is  the  base,  and  obtain  .15  =  15%,  the  rate  of  gain  or  loss. 

3.  A  jeweler  gained  (or  lost)  $  25  on  a  necklace,  which  was 
5%  of  the  cost.     What  was  the  cost? 

Solution.  —  Accordinij    to    §  522,    we 

OPERATION.  divide  the  gain  or  loss,  which  is  the  per- 

IF  25  -4-  .05  =  If  500  Ans,    centage,  by  the  rate,  and  obtain  $  500,  the 

base  or  cost. 

4.  A  dealer  sold  wheat  at  a  gain  of  5%  and  realized  $  9030. 
What  was  the  cost  ? 

OPERATION.  Solution.  —  According  to  §523, 

1 /v\  j^      fiK      t  i\K  we  divide  the  selluig  price  or  amow»<, 

l.UU  +     .U&  —  1.U&  $9030,  by  1  plus  the  rate  of  gain,  or 

9  9030  -<- 1. 05  ==  1^8600  Ans.     1.06,  and  obtam  the  base  or  cost, 

$8000. 

6.  A  produce  dealer  sold  a  shipment  of  wheat  at  a  loss  of 

5%,  realizing  as  the  net  proceeds,  $  8170.    What  was  the  cost  ? 

OPERATION.  Solution.  —  According  to  §  524, 

1  00  —  05  =   95  ^®  divide  the  net  proceeds,  $8170, 

tt  Qi  fTA        or       ^  Qcnfk    A  which  is  the  diference,  by  1  minus 

9  8170  -5-  .95  =  5  8600  Aiis,      ^^  ^^  ^f  i^g^  „  .05,  and  obtain 

the  base  or  cost,  $8000. 

6.  A  merchant  pays  $  7650  for  a  stock  of  spring  goods.  If 
he  sells  at  an  advance  of  20%  upon  the  purchase  price,  what 
will  be  his  profits,  after  deducting  $  480  for  expenses  ? 

7.  A  merchant  bought  320  yards  of  calico  at  $.15,  and 
sold  it  at  a  reduction  of  2J%.     What  was  the  entire  loss  ? 

8.  A  quantity  of  corn  was  bought  for  $  .50  a  bushel.  At 
what  price  must  it  be  sold  to  gain  S3^%  ? 

9.  Some  fish  bought  for  $  4.25,  were  sold  for  $  4.93.  What 
was  the  gain  per  cent  ? 

10.   A  sloop,  freighted  with  3840  bu.  of  com,  threw  37  J  %  of 
her  cargo  overboard.    What  was  the  loss,  at  $  .62^  a  bushel  ? 
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11.  A  man  bought  a  pair  of  horses  for  $  275,  and  sold  them 
for  $  330.     What  per  cent  did  he  gain  ? 

12.  If  a  merchant  buys  cloth  at  $  .60  a  yard,  and  sells  it 
for  9 .75  a  yard,  what  per  cent  does  he  gain  ? 

13.  A,  having  a  debt  against  B,  agreed  to  take  $  .87^  on  the 
dollar.     What  per  cent  did  A  lose  ? 

14.  A  quantity  of  flour  was  sold  for  9 1881,  which  was  18}% 
more  than  it  cost.     How  much  did  it  cost  ? 

16.  I  sold  25  barrels  of  apples  for  $69.75,  and  made  24%. 
How  much  did  they  cost  me  per  barrel  ? 

16.  A  grocer  sold  4  barrels  of  sugar  for  9  24  each ;  on  2 
barrels  he  gained  20%,  an  I  on  the  other  2  he  lost  20%.  Did 
he  gain  or  lose  on  the  whole,  and  how  much  ? 

17.  I  sold  a  farm  of  106  A.  30  sq.  rd.  for  9  96  an  acre,  and 
gained  18%  on  the  cost.  How  much  did  the  whole  farm 
cost? 

18.  A  lumberman  sold  36840  feet  of  lumber  at  $  21.12  per  M, 
and  gained  28%.  How  much  would  he  have  gained  or  lost, 
had  he  sold  it  at  $  17  per  M  ? 

19.  I  sold  my  caiTiage  at  30%  gain,  and  with  the  money 
bought  another,  which  I  sold  for  $  182,  and  lost  12^%.  How 
much  did  each  carriage  cost  me  ? 

20.  Gaffney,  Burke  &  Co.  bought  a  quantity  of  dry  goods 
for  $  6840 ;  they  sold  \  of  them  at  15%  profit,  ^  at  18 J  %,  J  at 
20%,  and  the  remainder  at  33|%  profit.  How  much  was  the 
average  gain  per  cent,  and  how  much  the  whole  gain  ? 

21.  If  I  buy  a  piece  of  land,  and  it  increases  in  value  each 
year  at  the  rate  of  50%  on  the  value  of  each  previous  year, 
for  4  years,  and  at  the  end  of  this  time  is  worth  $  12000,  how 
much  did  it  cost  ? 

22.  A  man  buys  some  goods  for  20%  below  cost,  and  sells 
them  for  16%  below  cost.    What  is  his  rate  of  gain  ? 

23.  A  machinist  sold  24  grain  drills  for  $125  each.  On 
one  half  of  them  he  gained  25%,  and  on  the  remainder  he 
lost  26%.     Did  he  gain  or  lose  on  the  whole,  and  how  much  ? 


\ 
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24.  A  Western  merchant  bought  a  quantity  of  Red  Southern 
wheat  for  9 1080,  White  Michigan  for  9 1950,  and  Chicago 
Spring  for  $  250.  He  shipped  the  whole  to  his  correspondent 
in  Buffalo,  who  sold  the  iirst  two  kinds  at  an  advance  of  20% 
in  the  price,  and  the  balance  at  a  loss  of  $  10,  then  deducting 
from  the  gross  avails  his  commission  of  5%,  and  $254.60  for 
expenses,  he  returned  to  the  consignor  the  net  proceeds. 
What  was  the  rate  of  the  merchant's  gain  ? 

26.  I  bought  land  at  1^30  an  acre.  How  much  per  acre 
must  I  ask  for  it,  that  I  may  abate  25%  from  my  asking  price, 
and  still  make  20  per  cent  on  the  purchase  money  ? 

26.  A  salesman  asked  an  advance  of  20%  on  the  cost  of 
some  goods,  but  was  obliged  to  sell  at  20%  less  than  his 
asking  price.  Did  he  gain  or  lose,  and  what  was  his  per  cent 
of  gain  or  loss  ? 

27.  A  grocer  sold  a  hogshead  of  molasses  for  $  31.50,  which 
was  a  reduction  of  30%  from  the  prime  cost  What  was  the 
purchase  price  paid  per  gallon  ? 

28.  A  dry  goods  merchant  sells  calicos  for  9 .02 1^  per  yard 
more  than  they  cost,  and  realizes  a  profit  of  8%.  What  is 
the  cost  per  yard  ? 

29.  If  I  make  a  profit  of  18  J  %  by  selling  broadcloth  for 
9 .75  per  yard  above  cost,  how  much  must  I  advance  on  this 
price  to  realize  a  profit  of  31  J%  ? 

30.  A  spectdator  gained  30%  on  |  of  his  investment,  and 
lost  5%  on  the  remainder,  and  his  net  profits  were  $  720. 
What  would  have  been  his  profits,  had  he  gained  30%  on  f 
and  lost  5%  on  the  remainder  ? 

31.  A  man  wishing  to  sell  his  real  estate  asked  36%  more 
than  it  cost  him,  but  he  finally  sold  it  for  16%  less  than  his 
asking  price.  He  gained  by  the  transaction  $  740.48.  How 
much  did  the  real  estate  cost  him,  what  was  his  asking  price, 
and  for  how  much  did  he  sell  it  ? 

32.  I  sold  I  of  a  barrel  of  beef  for  what  the  whole  barrel 
cost.     What  per  cent  did  I  gain  on  the  part  sold  ? 
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COMMISSIOlf  AND  BROKERAGB. 

530.  Commission  is  the  percentage  of  fee  or  compensation 
paid  an  agent  for  services  rendered. 

531.  Brokerage  is  the  fee  or  allowance  paid  to  a  broker,  or 
dealer  in  money,  stocks,  or  bills  of  exchange,  for  making  ex- 
changes of  money,  buying  and  selling  stocks,  negotiating  bills 
of  exchange,  or  transacting  other  like  business. 

532.  An  Agent,  Commission  Merchant,  or  Broker,  is  a  person 
who  transacts  business  for  another,  or  buys  and  sells  goo^, 
money,  stocks,  notes,  etc. 

633.  A  Consignment  is  a  quantity  of  goods  sent  to  one  per- 
son to  be  sold  on  commission  for  another  person. 

634.  A  Consignee  is  a  person  who  receives  goods  to  sell  for 
another;  and  a  Consignor  is  a  person  who  sends  goods  to 
another  to  be  sold. 

535.  The  Met  Proceeds  of  a  sale  or  collection  is  the  sum  left, 
after  deducting  the  commission  and  other  charges. 

NoTK.  —  A  p«r8on  who  la  employed  In  establishinf?  luercantile  relations  between  others 
Uving  at  a  distance  fh>in  each  other,  Is  called  the  corrMpondent  of  the  party  In  whot^e 
behalf  he  acta.  A  correspondent  is  the  agent  of  those  whose  custom  or  jtatrona^  he 
secures  to  the  party  in  whose  Interest  he  is  employed. 

536.  The  rates  of  commission  and  brokerage  are  not  regu- 
lated by  law,  but  are  usually  reckoned  at  a  certain  per  cent 
upon  the  money  employed  in  the  transaction.  When  an  agent 
sells,  his  commission  is  some  per  cent  of  the  sales;  and  when 
he  huySy  it  is  some  per  cent  of  the  purcfiase  price.  The  calcu- 
lations in  commission  and  brokerage  are  based  on  the  follow- 
ing relations : 

I.  Commission  is  Percentage, 

II.  The  Sum  received  by  the  agent  as  the  price  of  property 
sold,  or  the  Sum  invested  by  the  agent  in  the  purchase  or 
exchange  of  property,  is  the  Bom  of  commission. 

III.  The  Sum  remitted  to  an  agent,  and  including  both 
the  purchase  money  and  the  agent's  commission,  is  the 
AmouTU, 
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IV.  The  sum  due  the  employer  or  consignor  as  the  Nei  Pro- 
ceeds of  a  sale  or  collection,  is  the  Difference. 

Examples. 

537.  1.  My  agent  sells  goods  to  the  amount  of  96250. 
What  is  his  commission  at  3%  ? 

OPERATION.  Solution. — According  to  §  520,  we 

9  6250  X  .03  =  $  187.50  Ans.   multiply  the  sum  obuiued  for  the 

goods,  $6250,  which  is  the  base  of 
the  commission  by  the  rate  of  the  commission,  .03,  and  obtain  the  com^ 
mission  or  percentage^  $  187.50. 

2.  A  flour  merchant  remits  to  his  agent  in  Chicago,  $  3796, 
for  the  purchase  of  grain,  after  deducting  his  commission  of 
4%.  How  much  will  the  agent  expend  for  his  employer,  and 
what  will  be  his  commission  ? 

OPERATION.  Solution.  -  According 

l.UU  -h  .U4  —  1.U4  mittance,  $3796,  which  is 

$  3796 -«- 1.04  =  $  3650,  for  grain,  1    .         the  amount,  by  1  plus  the 

$3796 -$3650=*  146,  Com.      J         *    ra<«  of  commission,  or  1.04, 

and  obtain  the  ha*e  of  com- 
mission, $3650,  which  is  the  sum  to  be  expended  in  the  purchase.  Sub- 
tracting this  from  the  remittance,  we  have  $  146,  the  commission. 

NoTK.  ~  It  Is  evident  that  the  whole  remittance,  |87M,  ahouid  not  be  taken  as  the  baae 
of  coniinl.ssion  :  for  that  would  be  computing  oommisslon  on  oommlaaion.  A  person  most 
choice  cummisslon  only  on  what  he  eofpentln  or  coll^ctg,  in  his  capacity  as  agent. 

3.  An  agent  sold  real  estate  on  commission  of  5%,  and 
returned  to  the  owner,  as  the  net  proceeds,  $  8075.  For  what 
price  did  he  sell  the  property,  and  what  was  his  commission  ? 

opbratjon.  Solution. —  According  to 

inn       fi"  —  Qf;  §624,  we  divide  the  net  pro- 

[Ans, 

obtain  the  base,  $8500, 
which  is  the  price  of  the  property  sold;  whence  by  subtraction,  we 
obtain  the  commission,  $  425. 

4.  An  agent  sold  my  house  and  lot  for  $  8600.  What  was 
his  commission  at  2J%  ? 

6.  A  lawyer  collects  $  750.75.  What  is  his  commission  at 
3|%? 


9  8075  -?-  .95  =  $  8500,   Price,  1  difference  by  1  minus  the 

$  8500  —  $  8075  =  $  425,  Com.  J         •      rate   of    commission,    and 
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6.  My  agent  in  New  York  has  sold  a  quantity  of  Indiana 
wheat  for  $4900,  and  of  corn  for  $2661.  What  is  his  com- 
mission at  2}-%  ? 

7.  A  commission  merchant  sold  a  consignment  of  flour  and 
pork  for  $25372.  He  charged  $132  for  storage,  and  (y\% 
commission.     What  were  the  net  proceeds  of  the  sale  ? 

8.  An  agent  for  a  Rochester  nurseryman  sells  4000  apple 
trees  at  $  25  per  hundred,  2000  pear  trees  at  $  50  per  hundred, 
1600  peach  trees  at  $  20  per  hundred,  1800  cherry  trees  at  $  50 
per  hundred,  and  500  plum  trees  at  $  50  per  hundred.  What 
is  his  commission  at  30%,  and  how  much  should  he  return  to 
his  employer  as  the  net  proceeds,  after  deducting  $203.50 
for  expenses  ? 

9.  A  lawyer  having  a  debt  of  $  785  to  collect,  compromises 
for  82%.     What  is  his  commission  at  5%  ? 

10.  An  agent  received  $63  for  collecting  a  debt  of  $1260. 
What  was  the  rate  of  his  commission  ? 

11.  My  Charleston  agent  charged  $74.25  for  purchasing 
26400  lb.  of  rice  at  $4.50  per  100  lb.  What  was  the  rate 
of  his  commission  ? 

12.  A  house  and  lot  were  sold  for  $  7850,  and  the  owner 
received  $7732.25  as  the  net  proceeds.  What  was  the  rate 
of  commission? 

IS.  A  commission  merchant  in  Boston  sells  cotton  to  the 
amount  of  $3500.  After  deducting  $35.36  for  freight  and 
cartage,  $  10.50  for  storage,  and  his  commission,  he  remits  to 
his  employer  $  3252.89  as  the  net  proceeds  of  the  sale.  At  what 
rate  did  he  charge  commission  ? 

14.  The  net  proceeds  of  a  sale  were  $  5635,  and  the  commis- 
sion was  $  115.    What  was  the  rate  of  commission  ? 

15.  An  agent  received  $  22.40  for  selling  grain  at  a  commis- 
sion of  4%.     What  was  the  value  of  the  grain  sold  ? 

16.  My  attorney,  in  collecting  a  note  for  me  at  a  commission 
of  8%,  received  as  his  fee  $6.80.  What  was  the  value  of 
the  note  ? 


\ 
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17.  A  real  estate  agent  sold  a  house  for  a  certain  sum  of 
money  and  remitted  $  19600  to  the  owner,  after  deducting  his 
commission  of  2%.  For  how  much  did  the  agent  sell  the 
house  ? 

18.  An  agent  sold  a  piano.  After  deducting  his  commission 
of  10%  he  sent  the  owner  $  450.  How  much  did  the  purchaser 
pay  for  it  ? 

19.  I  sent  to  my  agent  in  Boston  $  255,  to  be  invested  in 
calico  at  $  .15  per  yard,  after  deducting  his  commission  of  2%. 
How  many  yards  shall  I  receive  ? 

20.  John  Kennedy,  commission  merchant,  sells  for  Ladd 
&  Co.  860  barrels  of  flour  @  $3.50,  on  a  commission  of  2\fo' 
He  invests  the  proceeds  in  dry  goods,  after  deducting  his  com- 
mission of  1J%  for  purchasing.  How  many  dollars'  worth  of 
goods  do  Ladd  &  Co.  receive  ? 

21.  A  commission  merchant,  whose  rate  both  for  selling  and 
investing  is  5%,  receives  24000  lb.  of  pork,  worth  $.06  a  lb., 
and  $  3000  in  cash,  with  instructions  to  invest  in  a  shipment 
of  cotton  to  London.     What  will  be  his  entire  commission  ? 

22.  A  speculator  received  $3290  as  the  net  proceeds  of  a 
sale,  after  allowing  a  commission  of  6%.  What  was  the  value 
of  the  property  ? 

23.  The  net  proceeds  of  a  shipment  of  hay,  after  deducting 
a  commission  of  3%,  and  $500  for  other  charges,  was  $6290. 
What  was  the  selling  price  ? 

24.  I  send  a  quantity  of  dry  goods  into  the  country  to  be 
sold  at  auction,  on  commission  of  9%.  What  amount  of  goods 
must  be  sold,  that  my  agent  may  buy  produce  with  the  avails, 
to  the  value  of  $  3500,  after  retaining  his  purchase  commission 
of  4%? 

Note.  —  $8500  plus  the  agent's  commission  equals  the  net  proceeds  of  the  sale. 

25.  Having  sold  a  consignment  of  cotton  on  3%  commission, 
I  am  requested  to  invest  the  proceeds  in  city  lots  after  deduct- 
ing my  purchase  commission  of  2%.  My  whole  commission  is 
$  265.     What  is  the  price  of  the  city  lots  ? 
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TRADE  DISCOUNT. 

638.  Trade  or  Commercial  Discount  is  a  deduction  from  the 
face  of  bills^  from  the  list  price  of  goods,  or  from  the  amount 
of  a  debt,  without  regard  to  time^  and  is  usually  expressed  by 
the  term,  "per  cent  off" 

Thvm,  a  discount  of  25%  means  a  deduction  of  25%  from  the  asking 
price.  A  discount  of  30%  and  10%  does  not  mean  40%  off,  but  that 
90%  is  first  to  be  deducted,  leaving  70%  of  the  price,  then  10%  of  70%  of 
the  price,  equal  to  7  %,  is  deducted  from  the  remainder,  leaving  6*^  % ;  so 
that  the  total  discount  is  but  37  %.  3  tens  and  5  %  off  means  three  suc- 
cessive discounts  of  10%  and  5%  from  the  remainder,  etc. 

539.  The  list  Price  is  called  the  fixed  price,  and  the  dis- 
count is  sometimes  called  £^  Rebate. 

540.  The  Ket  Price  is  the  list  price,  less  the  discount,  or  the 
price  received  for  the  goods. 

Nons.  —  1.  Trade  difcoonto  are  msde  to  aToid  the  necessity  of  changing  list  or  catalogne 
prices  when  the  market  prloe  changes ;  the  list  price  remains  the  same,  and  the  discounts 
are  changed  to  meet  the  rise  or  lUI  tn  prices. 

S.  Ciuh  dUcountf  ve  discounts  made  In  consideration  of  immediate  payment;  Hms 
discounts  are  discounts  made  In  consideration  of  the  payment  of  a  bill  within  a  limited 
time. 

541.  The  calctdations  of  trade  discount  are  based  on  the 
following  relations : 

I.  The  List  Price  or  Amount  of  BUI  is  the  Base, 

II.  The  Rate  of  Discount  is  the  Rate  Per  Cent, 

III.  The  Discount  is  the  Percentarje. 

IV.  The  Net  price  is  the  Difference, 

Examples. 

542.  1.  What  is  the  net  cost  of  a  bill  of  goods  amounting 
to  %  975,  bought  at  10%  discount,  and  5%  off  for  cash  ? 

OPBRATION.  Solution. — The  first  discount 

1.00  -  .10  =  .90  o^  !<>%  leaves  lOOo/o  -  10%  =  90% 

(\k'  ^    on  —  (\±l.  ^^  *^®  asking  price.    The  second 

.UO  Ot  .yu  —  .U4^  discount  is  5%  of  90%  or  4  J  % ;  and 

.90  —  .04^  =  .85^  90%  -  4 1  %  =  85}  %.    llien  we  have 

$ 975  X  .855  =  $  833.625    Ans.     $976,  the  hose  or  cost,  and  86 J %, 

which  corresponds  to  1  minus  the 
rate,  and  we  find  the  net  cost  or  difference  by  §  520. 
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Find  the  net  cost  and  discouiU  of  the  following  bills : 
2.   Bought  for  $750,  on  3  mo.,  at  20%  discount,  and  4% 
off  for  cash. 

5.  Bought  for  $365.75,  on  4  mo.,  at  20%,  10%,  and  5% 
off  for  cash. 

4.   Bought  for  $1600  at  successive  discoimts   of    15%, 
2%,  and  5%. 

6.  Bought  for  $2340  at  successive  discounts  of  33^%, 

6%,  and  2%. 

6.  Bought  for  $260,  on  90  da.,  at  2  tens  and  3%  off  for 
cash. 

7.  What  is  the  difference  on  a  bill  of  $650,  between  a  dis- 
count of  30%,  and  a  discount  of  25^  and  5%  off? 

8.  What  is  the  price  of  books  which,  after  a  discount  of 
33^%  has  been  deducted  cost  $  .66|  each  ? 

9.  What  is  the  amount  of  a  bill  which,  after  a  rebate  of 
12}%,  amounts  to  $  260.75  ? 

10.  What  is  the  net  amount  of  a  bill  of  $  169.75  subject  to 
a  discount  of  30%,  10%,  and  5%  off  for  cash  ? 

11.  If  I  buy  goods  amounting  to  $2359  at  discounts  of 
33^%,  10%,  and  5%,  how  much  do  they  cost  me  ? 

12.  I  can  buy  goods  from  A,  B,  0,  or  D  at  the  same  list 
price,  but  A  will  allow  me  successive  discounts  of  20%,  10%, 
and  5% ;  B  will  allow  successive  discounts  of  5%,  10%,  and 
20%  ;  C  10%,  20%,  and  5%,  and  D  20%,  5%,  and  10%.  Which 
will  be  the  best  purchase  to  make  ?    Explain  why. 

13.  A  man  buys  goods  listed  at  $  8.00  at  a  discount  of  20%, 
and  a  certain  per  cent  additional  for  cash.  If  he  pays  $  6.08 
for  them,  what  is  the  caah  discount  ? 

14.  A  man  buys  a  quantity  of  goods  listed  at  $250  at  a  dis- 
count of  10%  and  a  certain  per  cent  additional  for  cash.  The 
net  cost  of  goods  is  $  213.75.     What  is  the  cash  discount  ? 

15.  Which  is  more  profitable,  to  buy  goods  costing  $2000 
at  successive  discounts  of  12%,  5%,  and  2%,  or  2%,  8%,  and 
9%,  and  what  is  the  difference  ? 
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INSURANCE. 

543.  Insurance  is  security  guaranteed  by  one  party  to  an- 
other, for  a  stipulated  sum,  against  damage  or  risk.  It  is  of 
two  kinds :  insurance  on  property  and  life  insurance. 

544.  Property  Insurance  includes  Fire  Insurance,  Marine  In- 
surance, and  Live  Stock  Insurance. 

Fire  Insurance  is  indemnity  for  loss  of  property  by  fire.  Marine  and 
Inland  Insurance  are  indemnity  for  the  loss  of  a  vessel,  or  cai^o,  by 
casualties  of  navigation  on  the  ocean  or  on  inland  waters.  Stock  Insur- 
ance is  indemnity  for  the  loss  of  cattle,  horses,  etc. 

545.  The  Insurer  or  Underwriter  is  the  party  taking  the  risk. 

546.  The  Insured  or  Assured  is  the  party  protected  by  the 
insurance. 

547.  The  Policy  is  the  written  contract  between  the  pai'ties. 

548.  The  Premium  is  the  sum  paid  by  the  insured  to  the  tn- 
sureTy  and  in  insuring  property  is  estimated  at  a  certain  rate 
per  cent  of  the  amount  insured,  which  rate  varies  according  to 
the  degree  of  hazard,  or  class  of  risk. 

549.  The  Sum  Covered  by  insurance  is  the  face  of  the  policy. 

Nom  1.  —  As  a  security  against  fhuid,  most  insunnce  companies  take  risks  at  not  more 
than  two  thirds  the  Aill  vaine  of  the  property  insured.  When  insured  property  suffers 
damage  less  than  the  amount  of  the  policy,  the  insurers  pay  only  the  estimated  loss. 

2.  Insurance  business  is  gcnen^Iy  conducted  by  Joint-stock  ComiMnies,  or  Mutual 
Companies. 

8.  A  Stock  Insurance  Company  is  one  in  which  the  capital  is  owned  by  individuals 
ealled  stockholders.    They  alone  share  the  profits,  and  are  liable  for  the  losses. 

4.  A  Mutual  Insurance  Company  Is  one  in  which  each  person  insured  is  entitled  to  a 
share  in  the  proflts  of  the  concern,  and  Is  liable  for  the  losses.  The  annual  dividends  re- 
tamed  by  such  companies  (in  case  of  profits)  reduce  the  premium  or  cost  of  Insurance ; 
•nd  the  aaaesaments  made  (in  case  of  loss)  increase  the  cost  to  the  policy  holder. 

550.  The  calculations  in  insurance  are  based  upon  the  fol- 
lowing relations : 

I.  Premium  is  Percentage. 

II.  The  Rate  of  Premium  is  the  Rate  Per  Cent, 

III.  The  Sum  Insured  is  the  Base  of  premium. 

IV.  The  Sum  Covered  by  insurance  is  Difference, 
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Bzamplea. 

551.  1.  What  premium  must  be  paid  for  insuring  my  stock 
of  goods  bo  the  amount  of  9  6760  at  1\%  ? 

Solution. — Aceording  to  S  &20, 
oPBKATtOR  W8  moltipl]'  96760,  the  base  of  pre- 

9  5760  X  .0125  =  9  72  Ana.     mium,  by  .012&,  the  rate,  and  obtain 
1 72,  tbe  premitim. 
2.   For  what  sum  must  a  granary  be  insured  at  2%  in  order 
to  cover  tbe  loss  of  the  wheat,  valued  at  9 1617,  and  the  pre- 
mium ? 

SoLL-TiON.— Accoidins   to  S  534, 

opKRtTiON.  we  divide   the  sum   to    be  covered, 

1  00  —  .02  =  .08  ♦1617,  which  iadiff'erenet,by  1  miaiu 

«1R17_,_  0«       SitRfin    J„.       **"'    "^'^   °^   premium,    and    obtain 

« 1617  +  .98  =  *  1650  Ana.      ,  ie^_  the  baxe  of  premium,  or  the 

enm  to  be  insured. 

premium;    » 1060  -  933  =  »  1617,   the 

3.  What  must  be  paid  for  an  insurance  of  9  5860  at  l^'fc  ? 

4.  What  is  the  premium  of  5  860  at  ^^  ? 

6.  What  is  the  premium  for  an  insurance  of  $  3500  on  my 
house  and  barn,  at  1}%  ? 

6.  A  fishing  craft,  insured  for  $  10000  at  2^%,  was  totally 
wrecked.    How  much  of  the  loss  was  covered? 

7.  A  hotel  valued  at  S 10000  has  been  insured  for  $  6000 
at  1J%,  85.50  being  charged  for  the  policy  and  the  survey  of 
the  premises.  If  it  should  be  destroyed  by  fire,  what  loss 
would  the  owner  suffer? 

8.  A  merchant  whose  stock  in  trade  is  worth  8 12000,  gets 
the  goods  insured  for  J  of  their  value,  at  |%.  If  in  a  confla- 
gration he  saves  only  $  2000  of  the  stock,  what  actual  loss  will 
he  sustain  ? 

9.  I  pay  5  12  for  an  insurance  of  $  800.  What  is  the  rate 
of  premium  ? 

10.  A  trader  got  a  shipment  of  flour  insured  for  80^  of  its 
cost,  at  S^fo,  paying  $107.25  premium.  At  what  price  did 
he  purchase  the  fiour  ? 
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11.  If  I  take  a  risk  of  $30000  at  2^%,. and  reinsure  |  of 
it  at  3%,  what  is  my  balance  of  the  premium  ? 

12.  What  will  be  the  cost  of  insuring  a  quantity  of  wheat 
valued  at  $  7500,  at  |%  ? 

13.  How  much  will  it  cost  to  insure  a  factory  valued  at 
9  21000,  at  1%,  and  the  machinery  valued  at  $  15400,  at  |%  ? 

14.  The  Astor  Insurance  Company  took  a  risk  of  $  16000, 
for  a  premium  of  $  280.     AVhat  was  the  rate  of  insurance  ? 

15.  A  whaling  merchant  gets  his  vessel  insured  for  $  20000 
in  the  Grallatin  Company,  at  |%,  and  for  $  30000  in  the  How- 
ard Company,  at  ^%.  What  rate  of  premium  does  he  pay  on 
the  whole  insurance  ? 

16.  If  it  costs  $  46.75  to  insure  a  store  for  J-  of  its  value,  at 
1|%,  what  is  the  store  worth  ? 

17.  For  what  sum  must  I  get  my  library  insured  at  1^%, 
to  cover  a  loss  of  $  7910  ? 

18.  What  will  be  the  premium  for  insuring  at  2f  %,  property 
to  cover  $  27320  ? 

19.  A  shipment  of  pork  was  insured  at  4|%,  for  a  sum 
equal  to  f  of  its  value.  The  premium  paid  was  $  122.50. 
What  was  the  pork  worth  ? 

20.  A  man  obtained  an  insurance  on  his  house  for  f  of  its 
value,  at  1^%  annually.  After  paying  5  premiums,  the  house 
was  destroyed  by  fire,  in  consequence  of  which  he  suffered 
a  loss  (including  premiums  paid)  of  $  2940.  What  was  the 
value  of  the  house  ? 

21.  A  man's  property  is  insured  at  2^%  premium,  payable 
annually.  In  how  many  years  will  the  premium  he  has  paid 
equal  the  policy  ? 

22.  A  company  took  a  risk  at  2^%,  and  reinsured  ^  of  it  in 
another  company  at  2^%.  The  premium  received  exceeded 
the  premium  paid  by  $72.  What  was  the  amount  of  the 
risk? 

23.  The  Commercial  Insurance  Company  issued  a  policy  of 
insurance  on  an  East  India  merchantman  for  f  of  the  esti- 
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mated  value  of  the  ship  and  cargo,  at  4|^%,  aud  immediately 
reinsured  ^  of  the  risk  in  the  Manhattan  Company  9,t  3%. 
During  the  outward  voyage  the  ship  was  wrecked,  and  the 
Manhattan  Company  lost  $1350  more  than  the  Commercial 
Company.     How  much  did  the  owners  lose  ? 


Life  Insurance. 

552.  Life  Insurance  is  a  contract  by  which  a  company  agrees 
to  pay  a  certain  sum  of  money  on  the  death  of  an  individual, 
to  his  heirs  (in  consideration  of  an  annual  premium  to  be  paid 
during  life  or  for  a  limited  number  of  years),  or  to  pay  the  sum 
to  himself,  if  he  survives  a  certain  number  of  years. 

553.  The  following  are  the  principal  kinds  of  policies  issued 
by  a  Life  Insurance  Company : 

1.  Life  Policies,  payable  at  the  death  of  the  person  insured, 
the  annual  premium  to  continue  during  life,  called  continued 
premium  life  policies. 

2.  Life  Policies,  payable  at  the  death  of  the  person  insured^ 
the  annual  premium  to  continue  ten  years,  fifteen  years,  twenty 
years,  etc.,  called  ten,  fifteen,  or  twenty  payment  life  policies. 

3.  Renewable  Term  Policies,  insuring  payment  if  death  occurs 
within  a  certain  term  of  years,  as  ten,  fifteen,  twenty,  etc., 
which  term  may  be  renewed  at  the  expiration  of  the  time 
by  payihent  of  the  premium  required  for  the  age  of  the 
insured. 

4.  Endowment  Policies,  payable  to  the  person  insured,  at  the 
end  of  a  certain  number  of  years,  as  ten,  fifteen,  twenty,  twenty- 
five,  thirty,  or  thirty-five,  or  to  his  heirs,  if  he  dies  sooner; 
annual  premium  to  continue  during  the  existence  of  the  policy. 

5.  Endowment  Policies,  payable  as  the  preceding,  but  the 
payments  all  to  be  made  in  one,  five,  or  ten  years. 

6.  Annuities,  providing  a  fixed  income  continuing  only  during 
the  lifetime  of.  an  annuitant. 
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Annuities  are  especially  adapted  to  persons  of  an  advanced  age,  to 
women,  and  to  all  who  wish  to  avoid  the  risk  of  taking  care  of  their  funds. 
Thus,  if  a  person  at  the  age  of  50  pays  91315  for  an  annuity  of  ^100,  his- 
investment  yields  biin  nearly  8%  annually  during  his  lifetime,  and  he 
escapes  all  risk  of  loss  ;  but  at  his  death  the  payments  cease,  and  the 
capital  becomes  the  property  of  the  insurance  company. 

554.  Accident  Insurance  is  the  guaranty  of  an  indemnity  in 
case  of  disability  due  to  an  accident. 

555.  The  rates  of  premium  for  Life  Insurance,  as  fixed  by 

different  companies,  are  based  on  the  probabilities  of  life, 

determined  by  a  table  of  mortality,  and  on  the  probable  rates  of 

interest  which  money  will  bear,  and  the  probable  expenses  of 

the  company. 

A  table  of  mortality  shows  how  many  persons  out  of  a  given  number 
(as  10000),  insuring  at  any  age,  may  be  expected  to  die  the  first,  second, 
and  third  year,  and  so  on  until  they  all  are  dead. 

556.  The  premium  consists  of  three  elements  : 

1.  Reserve,  or  that  portion  of  each  premium  which  must 
be  kept  and  improved  by  interest  (usually  four  per  cent),  to  pay 
the  policy  at  its  certain  maturity. 

2.  An  estimated  amount  for  each  man's  share  of  the  annual 
losses  of  the  company. 

3.  Loading,  or  margin,  a  certain  per  cent  of  the  premium  to 
meet  current  expenses. 

557.  Most  companies  in  this  country  are  Mutual,  and  divide 

the  profits  among  the  policy  holders.     The  profits  result  from 

the  company  realizing  upon  the  reserved  fund  more  than  the 

assumed   rate  of  interest,  four  per  cent,  from  the  losses  by 

death  being  less  than  was  assumed  in  making  the  premium, 

and  from  the  loading  or  margin  being  more  than  the  expenses. 

Dividends  are  declared  at  the  end  of  the  first,  second,  third,  or  fourth 
year,  and  may  be  applied  to  reduce  the  annual  premium  or  to  increase 
the  policy. 

Nom.  —  1.  One  half  of  the  prenilam  is  uflen  paid  by  a  note,  and  the  diytdeods  are 
afterward  applied  toward  canoellitf^  the  notes. 

8.  The  following  table  rates  have  been  selected  Ibr  the  different  kinds  of  policies,  for 
the  reason  that  they  are  based  on  an  American  Table  of  Mortality. 

8.  Stock  companies  make  no  dividends  to  policy  holders,  but  i^enerally  charge  a  rate  of 
pfemlom  W  to  80  per  cent  leas  than  the  nHitoai  companies. 
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Annual  Premium  Bates. 


For  $1000  Insurance. 


LIFE  POLICIES. 

ENDOWMENT  POLICIES. 

Patablk  at  Death  Oslt. 

Payabue  as  Indicat 

KD,  OK  AT 

UR. 

Fayinento  to  continue  foi 

• 

Ag«. 

80 

16 

10 

20 

15 

10 

Ufe. 

Years. 

Years. 

Years. 

Years. 

Years. 

Years. 

85 

$20  20 

$27  19 

$32  16 

$42  43 

$47  67 

$66  30 

$104  36 

26 

20  00 

27  77 

32  81 

43  29 

47  79 

66  41 

104  43 

87 

2160 

28  36 

33  61 

44  19 

47  92 

66  61 

104  62 

88 

22  20 

28  98 

34  22 

46  12 

48  07 

66  63 

104  62 

89 

22  80 

29  63 

34  97 

46  08 

48  22 

66  76 

104  72 

80 

23  80 

30  30 

36  74 

47  07 

48^9 

66  89 

104  82 

81 

23  00 

30  99 

36  63 

48  10 

48  67 

67  02 

104  94 

88 

24  60 

3172 

37  36 

49  16 

48  76 

67  17 

106  06 

88 

26:^ 

32  47 

38  22 

60  26 

48  98 

67  3:3 

106  18 

84 

26  00 

33  26 

39  11 

6140 

49  21 

67  60 

106  31 

85 

27  10 

34  08 

40  03 

62  68 

49  47 

67  69 

106  44 

86 

27  70 

34  94 

40  99 

63  80 

49  76 

67  90 

106  69 

87 

28  00 

36  84 

42  00 

66  06 

60  08 

68  13 

105  74 

88 

29  80 

36  78 

43  05 

66  38 

60  43 

68  39 

106  92 

89 

30  60 

37  78 

44  14 

67  74 

60  83 

68  68 

106  12 

40 

3150 

38  82 

45  29 

69  17 

61  88 

69  83 

107  20 

41 

^2  60 

39  93 

46  60 

60  66 

62  38 

70  21 

107  47 

48 

33  80 

41  10 

47  77 

62  22 

62  94 

70  64 

107  78 

43 

36  00 

42  34 

49  12 

63  86 

63  58 

71  13 

10814 

44 

36  40 

43  66 

60  62 

66  66 

64  28 

7168 

108  66 

45 

38  00 

45  03 

62  00 

67  32 

66  06 

72  29 

109  01 

46 

39  60 

46  49 

63  64 

69  16 

66  91 

72  96 

109  52 

47 

4120 

48  02 

66  16 

7107 

66  84 

73  69 

110  08 

48 

43  00 

49  63 

66  8:3 

73  03 

57  86 

74  49 

110  68 

49 

45  00 

61  33 

68  68 

76  07 

68  97 

76  37 

11136 

50 

47  00 

bSU 

60  41 

77  18 

60  65 

76  92 

112  97 

51 

49  00 

66  43 

63  06 

79  99 

61  99 

77  97 

113  76 

58 

6120 

67  45 

66  10 

82  27 

03  46 

79  12 

114  63 

58 

63  80 

69  69 

67  23 

84  64 

65  04 

80  38 

115  68 

54 

66  40 

61  86 

69  48 

87  09 

66  79 

81  76 

116  61 

55 

69  40 

64  26 

71  84 

89  64 

68  69 

84  26 

119  15 

56 

62  40 

67  84 

76  49 

94  12 

85  92 

120  40 

57 

66  60 

70  61 

78  17 

96  94 

87  76 

121  78 

58 

69  00 

73  68 

8101 

99  90 

89  78 

123  30 

59 

72  70 

76  76 

84  03 

102  99 

92  00 

124  98 

60 

76  40 

80  16 

87  24 

106  26 

94  43 

126  83 

, 
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lu 

40 

9  1510  84 

$66  93 
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run. 

Y«r.. 

41 
49 
4S 

1600  90 
14M05 
14U6  11 

06  02 
67  33 
08  21 

H 

tises 

$13  37 

« 13  62 

N 

13  21 

13  06 

14  14 

44 

1447  10 

09  10 

ST 

13  49 

1394 

14  49 

4S 

1427  28 

75  06 

ts 

13  77 

14  25 

14  80 

46 

1400  62 

71  10 

19 

14  08 

14  58 

15  27 

47 

1384  07 

72  20 

M 

14  39 

14  04 

15  71 

48 

1302  02 

73  38 

81 

14  73 

16  32 

10  20 

40 

1339  61 

74  05 

n 

15  08 

15  75 

16  72 

50 

1315  02 

76  01 

u 

16  44 

10  21 

17  29 

61 

1201  00 

77  40 

M 

16  81 

10  71 

17  92 

B9 

1205  00 

79  01 

U 

10  a? 

17  20 

18  00 

63 

1239  03 

80  67 

M 

1«72 

17  87 

19  34 

H 

1212  94 

82  44 

n 

17  ai 

18  64 

20  15 

E9 

1185  01 

84  34 

ss 

17  84 

10  28 

2104 

60 

1167  07 

80  38 

s» 

18  49 

20  09 

22  01 

67 

1129  Id 

88  56 

40 

1»22 

20  98 

23  011 

S8 

1100  07 

90  BO 

41 

20  03 

2197 

2122 

SO 

1070  44 

93  42 

4S 

20  34 

83  05 

2519 

00 

1040  32 

96  12 

4S 

21  iM 

24  24 

20  88 

61 

1009  84 

99  03 

44 

23  07 

26  55 

28  40 

B3 

079  03 

102  14 

4S 

24^ 

20  08 

30  04 

63 

047  98 

105  49 

46 

ai  82 

28  52 

3183 

64 

916  76 

109  08 

47 

27  00 

30  10 

33  76 

6G 

886  42 

112  94 

4S 

28  02 

32  01 

36  82 

66 

857  86 

116  67 

49 

SO  30 

33  00 

38  ft-. 

67 

820  90 

120  49 

M 

32  12 

30  08 

40  44 

60 

801  91 

121  70 

Bl 

34  14 

38  38 

43  01 

60 

773  72 

129  25 

59 

36  23 

40  85 

46  77 

70 

746  41 

l;U  16 

H 

38  53 

43  53 

48  73 

71 

717  00 

139  45 

M 

4104 

40  42 

6169 

79 

688  80 

146  18 

»6 

43  70 

40  54 

7S 

000  54 

161  39 

B8 

40  73 

62  92 

74 

C32  45 

168  12 

»7 

4»92 

&I62 

75 

009  40 

I'M  08 

H 

53  40 

60  41 

76 

690  08 

100  30 

W 

57  18 

64  60 

77 

575  01 

173  73 

60 

61  BS 

78 
79 
80 

6<13  45 
653  00 
646  49 

177  48 

180  03 
183  32 
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Examples. 

558.  1.  At  the  rate  shoMm  in  the  table^  what  sum  must 
a  man  aged  33  pay  annually  for  life  for  a  life  policy  for 
$7500?  What  smn  annually  for  20  years?  What  sum 
annually  for  an  endowment  policy  for  15  years? 

OPERATION.  Solution.  —  Consulting  the  table 

$  25.30  X  7-5  =  $  189.75  Ans.  on  p.  326,  we  find  the  premium  on 
$  32.47  X  7.5  =  «  243.53   Ans      f  ^^,  *^  l^^,  ^  f  ^^  ^  •  25.30 

9  67.33  X  7.5  =  IP  504.98  Ans,  ^67.83  for  a  15  years'  endowment 
policy,  aud  since  the  premiums  on  $7500  will  be  7.5  times  those  on 
$1000,  we  multiply  these  sums  respectively  by  7.5. 

2  A  man  insures  his  life  for  $  10000,  the  rate  being  $  21.40 
per  1000.  The  dividend  reduces  the  cost  of  the  premium  an 
average  of  30%.  How  much  is  the  average  annual  cost  of  his 
insurance  ? 

OPERATION. 

9  21.40  X  10  =  f  214,  Premium. 

30%  of  «  214  =  $  64.20,  Dividend. 

*  214  -  *  64.20  =  9 149.80,  Annual  cost  of  Insurance  Ana. 

Solution.  — If  $1000  worth  of  insurance  costs  $21.40,  $  10000  worth 
will  cost  10  times  $  21.40,  which  is  $  214,  the  premium.  Since  the  dividend 
reduces  this  premium  80%,  the  cost  of  insiurance  will  be  30%  less  than 
$214,  which  is  $149.80. 

NoTB.  —  Examples  in  which  the  premium  to  not  »tated  are  baaed  on  the  rates  given  *n 
the  tables. 

3.  A  man  30  years  of  age  takes  a  life  policy  in  a  mutual 
company^  for  $5000^  the  premiums  continuing  until  death. 
The  dividend  reduces  the  annual  premium  an  average  of  30^. 
He  dies  after  making  21  payments.  How  much  more  money 
will  his  family  receive  than  he  has  paid  to  the  company  ? 

4.  What  annual  premium  will  a  man  aged  36  years  pay  to 
secure  an  endowment  policy  for  $  5000,  payable  to  himself  in 
20  years,  or  to  his  heirs  if  death  occurs  before  ? 

6.  A  young  man  aged  27  takes  an  endowment  policy  for 
J  4000,  payable  to  himself  in  20  years.  If  the  dividend  in- 
creases his  policy  $2400,  how  much  more  will  he  receive 
than  he  has  paid  the  company  ? 
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6.  A  man  insured  his  life  for  $  25000,  the  rate  being  9  25 
per  1000.  The  dividend  reduced  the  cost  of  the  premium  an 
average  of  10%.  What  is  the  average  annual  cost  of  his 
insurance  ? 

7.  If  the  man  died  12  years  after  he  was  insured,  how  much 
would  the  amoimt  received  by  his  family  exceed  the  total  cost 
of  insurance,  no  account  being  taken  of  interest  ? 

8.  If  he  died  4  years  after  he  was  insured,  how  much  would 
the  amount  received  by  his  family  exceed  the  total  cost  of 
insurance,  the  interest  on  the  money  amounting  to  9  337.50  ? 

9.  A  clergyman  aged  45  takes  an  endowment  policy  for 
$  iJOOO,  payable  to  himself  iu  15  years,  or  to  his  family  at  death, 
and  dies  after  making  13  payments.  How  much  money  would 
he  have  saved  had  he  taken  a  policy  for  the  same  amount  on 
the  continued  payment  life  plan  ? 

10.  A  merchant  aged  49  insures  for  <^8000  on  the  single 
payment  life  plan,  and  dies  in  the  seventeenth  year  thereafter. 
How  much  less  would  his  insui*ance  have  cost  him  had  he 
insured  on  the  10  payment  life  plan  ? 

11.  How  much  must  I  pay  at  the  age  of  76  for  an  annuity 
of  $2000? 

12.  A  has  his  life  insured  at  the  age  of  25 ;  6  insures  at 
the  age  of  35,  each  taking  a  life  policy,  premiums  payable 
until  death.  What  will  be  the  age  of  each,  when  the  amount 
of  premium  paid  exceeds  the  face  of  the  policy  ? 

13.  A  man  aged  34  insured  his  life  for  $  6000,  payments 
made  in  10  years.  Wlien  he  died  there  was  a  net  gain  to  his 
family  of  $  4463.40.    How  many  payments  had  he  made  ? 

14.  A  man  aged  40  insures  his  life  in  the  Conn.  Mutual 
Life  Ins.  Co.  for  J  5000,  premiums  to  continue  until  death. 
After  the  fourth  year  his  premium  is  reduced  one  half  by  the 
dividend.  What  will  be  the  total  amount  of  premiums  paid  in 
thirty  years  ? 

15.  A  man  67  years  of  age  purchases  an  annuity  of  9  602.45. 
How  much  must  he  pay  for  it  ? 
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TAXES. 

669.  A  Tax  is  a  sum  of  money  assessed  on  the  person  or 
property  of  an  individual,  to  meet  public  expenses. 

660.  A  Poll  Tax  is  a  certain  s\im  required  of  each  male  citi- 
zen liable  to  taxation,  without  regard  to  his  property.  Each 
person  so  taxed  is  called  a  poU, 

Kon-resident  taxpayers  are  not  subject  to  a  poll  tax. 

661.  A  Property  Tax  is  a  sum  required  of  each  person  own- 
ing property,  and  is  always  a  certain  per  cent  of  the  estimated 
value  of  his  property. 

Property  is  of  two  kinds,  real  estate  and  personal  property. 

Real  Estate  consists  of  immovable  property,  sach  as  lands,  houses,  etc., 
and  is  taxed  in  the  town  or  city  where  it  is  situated. 

Personal  Property  consists  of  movable  property,  such  as  money,  note.s, 
furniture,  cattle,  tools,  etc.,  and  is  taxed  where  the  owner  lives. 

An  Income  Tax  is  a  tax  on  annual  income,  salary,  etc. 

Note.  — The  part  of  a  nuui't  ineome  or  oalary  which  Ib  subject  to  taxation  U  QioaOy 
included  Mith  hit  personal  property. 

An  Assessment  Soil  is  a  list  or  schedule  containing  the  names  of  all 
the  persons  liable  to  taxation  in  the  place  to  he  assessed,  and  the  valu- 
ation of  each  person^s  taxable  property. 

Assessors  are  the  officers  appointed  to  determine  the  taxable  value  of 
property,  to  prepare  the  assessment  rolls,  and  to  apportion  the  taxes. 

If  the  assessment  includes  a  poll  tax,  then  a  complete  list  of  taxable 
polls  must  also  be  made  out. 

NoTB.  — In  Vermont  and  In  some  other  states  the  assessment  roU  Is  ealled  the 
Gnnd  List. 

Collectors  are  the  officers  selected  to  receive  and  collect  taxes. 
The  rate  of  taxation  is  the  amount  charged  for  each  dolh&r  of  assessed 
valuation  to  raise  the  required  amount  of  tax. 

Note.  — The  method  of  raising  taxes  ▼arles  in  difTerent  states. 

562.   In  computations  in  taxes  the  following  relations  exist : 

I.   The  A88e89ed  VcUtuition  corresponds  to  the  Base. 
II.   The  Rate  of  Taxation  is  the  Bale  Per  Cent. 
III.   The  Toa;  is  the  Percenta/ge. 
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'    Examples. 
663.  To  find  the  amount  of  tax. 

1. '  In  a  certain  town  a  tax  of  9  4000  is  to  be  assessed.  There 
are  400  polls  to  be  assessed  9  -50  each,  and  the  taxable  property, 
as  shown  by  the  assessment  roll,  is  valued  at  9  950000.  What 
will  be  the  property  tax  on  9 1>  and  what  will  be  A's  tax,  whose 
property  is  valued  at  9  3500,  and  who  pays  for  3  polls  ? 

OPEBATION. 

9    .50  X  400=$  200,  amount  assessed  on  the  polls. 

9  4000  —       3  200  =  $  3800,  amt.  to  be  assessed  on  property. 
9  3800  -*-  9  950000  =     .004,  rate  of  taxation,  or  9 .004  =  the 

tax  on  9 1;  Arts, 

9  3500  X  .004  =  9 14,       A's  property  tax ; 
$    .50  X  3      =  9   1.50,  A's  poll  tax; 

9 15.50,  amount  of  A's  tax.  Ans, 

BuLE.  —  I.  Find  the  amount  of  poll  tax,  if  any,  and  subtract 
it  from  the  whole  tax  to  be  assessed;  the  remainder  will  be  the 
property  tax,  •  • 

II.  Divide  the  property  tax  by  the  whole  amouivt  of  taxable 
property;  the  quotient  wiU  be  the  rate  oftojxUion, 

III.  Multiply  eaxih  man^s  taxable  property  by  the  rate  of  taxa- 
tiony  and  to  the  product  add  his  poll  tax,  if  any ;  the  result  will 
he  the  whole  amx)unt  of  his  tax. 

NoTB.  —  When  a  tax  to  to  be  apportioned  among  a  large  nomber  of  indfvldaala,  the  opera- 
tion to  greatly  fkcUltated  by  first  finding  the  Ux  on  $  1,  $2,  $8,  etc.,  to  $9 ;  then  on  $  10, 
9S0,  $M,  etc.,to  $90,  and  so  on,  and  arranging  the  resalta  as  in  the  following  table : 

TABLE. 


Prop. 

Tax. 

Prop. 

Tax. 

Prop. 

Tax. 

Prop. 

Tax. 

$1 

•  .004 

fio 

f.04 

flOO 

$  .40 

$1000 

•  4 

2 

.008 

20 

.08 

200 

.80 

2000 

8 

3 

.012 

30 

.12 

300 

1.20 

3000 

12 

4 

.010 

40 

.16 

400 

1.60 

4000 

16 

6 

.020 

60 

.20 

600 

2.00 

6000 

20 

6 

.024 

60 

.24 

600 

2.40 

6000 

24 

7 

.028 

70 

.28 

700 

2.80 

7000 

28 

8 

.032 

80 

.82 

800 

3.20 

8000 

32 

9 

.036 

90 

.36 

900 

3.60 

9000 

36 

332  PERCENTAGE. 

2.  According  to  the  conditions  of  the  last  example,  what 
would  be  the  tax  of  a  person  whose  property  was  valued  at 
9  2465,  and  who  pays  for  2  polls  ? 

OPBHATlOir. 

From  the  table  we  find  that 


The  t,ax  on 

¥2000 

is 

$8.00 

u         a       u 

400 

(( 

1.60 

U            it         it 

60 

a 

.24 

(t        i(       a 

5 

t( 

.02 

u        u      « 

o 

polls 

u 

1.00 

Total  tax  «  $  10.86  Ana. 

3.  What  would  A's  tax  be,  who  is  assessed  for  9  8530,  and 
who  pays  for  3  polls  ? 

4.  How  much  will  C's  tax  be,  who  is  assessed  for  $  987,  and 
who  pays  for  1  poll  ? 

6.  The  estimated  expenses  of  a  certain  town  for  one  year 
are  9  6319,  and  the  balance  on  hand  in  the  public  treasury  is 
9  654.  There  are  2156  polls  to  be  assessed  at  $  .25  each,  and 
taxable  property  to  the  amount  of  $1864000.  Besides  the 
town  tax,  there  is  a  county  tax  of  9 .001^  on  a  dollar,  and  a 
state  tax  of  $  .000^  on  a  dollar.  What  will  be  the  whole  amount 
of  A's  tax,  whose  property  is  valued  at  $  32560,  and  who  pays 
for  3  polls  ? 

6.  What  does  a  non-resident  pay,  who  owns  property  in  the 
same  town  to  the  amount  of  $  16840  ? 

7.  What  sum  must  be  assessed  in  order  to  raise  a  net  amount 
of  $  5561.50,  and  pay  the  commission  for  collecting  at  2%  ? 

Non.  —  Since  the  base  of  the  coUeotor^B  oominlBslon  Is  the  Bam  eoUeeted,  the  qaeBtkm 
Is  an  example  under  $  524  of  Percentage. 

8.  In  a  certain  district  a  schoolhouse  is  to  be  built  at  an 
expense  of  $9120,  to  be  defrayed  by  a  tax  upon  property 
valued  at  $  1536000.  What  must  be  the  rate  of  taxation  to 
cover  both  the  cost  of  the  schoolhouse  and  the  collector's  com- 
mission at  5%  ? 
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9.  A  tax  of  9 13662  is  19  be  assessed  on  a  certain  village; 
the  property  is  valued  at  9 1400000,  and  there  are  2981  polls, 
to  be  taxed  9  2.00  each.  What  is  the  assessment  on  a  dollai'  ? 
What  is  C's  tax,  his  property  being  assessed  at  $  12450,  and  he 
paying  for  2  polls  ? 

10.  What  is  the  tax  of  a  non-resident,  having  property  in 
the  same  village  valued  at  9  5375  ? 

11.  A  mining  corporation,  consisting  of  30  persons,  is  taxed 
9  4384 ;  its  property  is  assessed  for  9 188000,  and  each  poll  is 
assessed  92.00.  What  per  cent  is  their  tax,  and  how  much 
must  he  pay  whose  share  is  assessed  for  9  2500,  and  who  pays 
for  1  poll  ? 

12.  A  tax  of  950000  is  to  be  assessed  on  a  certain  town; 
the  property  is  valued  at  3500000,  and  there  are  5000  polls  to 
be  taxed  9 1-00  each.  What  will  be  the  rate  of  taxation  and  how 
much  will  A  be  taxed,  who  owns  property  which  is  valued  at 
9  50000  and  who  pays  for  3  polls  ? 

13.  The  expenses  of  a  school  for  one  term  were  9 1200  for 
salary  of  teachers,  9  57.65  for  fuel,  and  9  38.25  for  incidentals ; 
the  money  received  from  the  school  fund  was  9  257.75,  and  the 
remaining  part  of  the  expense  was  paid  by  a  rate  bill.  If  the 
aggregate  attendance  was  9568  days,  what  was  A's  tax,  who 
sent  4  pupils  46  days  each  ? 

14.  The  number  of  polls  in  a  certain  school  district  is  225, 
and  the  taxable  property  is  $1246093.75;  it  is  proposed  to 
build  a  union  schoolhouse  at  an  expense  of  910000.  If  the 
poll  tax  is  91.25  a  poll,  and  the  cost  of  collecting  is  2^%, 
what  will  be  the  tax  on  a  dollar,  and  what  will  be  £'s  tax, 
who  pays  for  1  poll,  and  has  property  to  the  amount  of 
911500? 

16.  The  expense  of  building  a  public  bridge  was  9 1260.52, 
which  was  defrayed  by  a  tax  upon  the  property  of  the  town. 
The  rate  of  taxation  was  ^\  mills  on  one  dollar,  and  the  col- 
lector's commission  was  3^%.  What  was  the  valuation  of  the 
property  ? 
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6SNSRAL  AVERAGE. 

564.   General  Average  is  an  adjustment  of  losses  of  property 
at  sea,  when  for  common  safety  any  portion  is  sacrificed. 

566.   The  Contributory  Interests  are  the  three  kinds  of  prop- 
erty which  are  taxed  to  cover  the  loss.    These  are : 

1.  The  Vessel,  and  its  value  before  the  loss. 

2.  The  Freight,  less  ^  as  an  allowance  for  seamen's  wages. 

3.  The  Cargo,  including  the  part  sacrificed,  at  its  market  value  in  the 
port  of  destination. 

NoTB.  —  In  New  York,  Virginia,  and  some  other  states,  only  |  of  the  freigbt  is  made 
oontribatory  to  the  loss. 

566.  The  loss  which  is  subject  to  general  average  includes : 

1.  Jettison,  or  property  thrown  overboard. 

2.  Repairs  to  the  vessel,  less  \  on  account  of  the  superior  worth  of  the 
new  articles  furnished. 

3.  Expense  of  detention  to  which  the  vessel  is  subject  in  port,  includ- 
ing salvage,  wages,  and  provisions  of  crew,  adjiist«r^8  fees,  etc. 

567.  In  computations   in  General   Average  the  following 
relations  exist : 

I.   The  Total  Contributory  Interest  is  the  Base, 
II.   The  Ix)ss,  plus  expenses^  is  the  Perceiitage. 

Examples. 

568.  To  find  the  rate  of  contribution  and  the  respective  con- 
tributions. 

1.  The  ship  Nelson,  valued  at  $  52000,  and  having  on  board  a 
cargo  worth  9 18000,  on  which  the  freight  was  9  3600,  threw 
overboard  goods  valued  at  9  5000,  to  escape  wreck ;  she  then 
put  into  port,  and  underwent  repairs  amounting  to  $  1200,  ■ 
the  expenses  of  detention  being  $.350.  What  portion  of 
the  loss  will  be  sustained  by  each  of  .the  three  contributory 
interests  ?  What  will  be  paid  or  received  by  the  owners  of 
the  ship  and  freight?  W^hat  by  A,  who  owned  ^8000  of 
the  cargo,  including  J  3500  of  the  portion  sacrificed,  by  B, 
who  owned  f  6000  of  the  cargo,  including  $1500  of  the 
portion  sacrificed,  and  by  C,  who  owned  $  4000,  or  the  residue 
of  the  cargo  ? 


GENERAL  AVERAGE.  835 

OPBRATIOK. 
LOtBBB.  CX>NTBtBUTOBT  IirTBSXBTS. 

JettlMD $8000  ^Vessel >.     .  $02000 

Sepain,  lass  | SOO  Freight  less  i 2400 

Cost  of  detention 850  Csrgo 18000 

Total $6180  Total $7M00 

•  6150-S-    $73400-  .0840447 +,  rate  per  cent  of  loss. 
$  08000  X  .0S49447  »  $  441 7. 18,     payable  by  vessel. 
2400  X  .0^49447 »      808.87,  *'        "  freight, 

18000  X  .0810447  =»    1029.00,  **        *'  caryo. 

$  6150.00,    Total  contrlbation. 

«  8000  X  .0649447  »  $  670.56,  payable  by  A. 
6000  X  .0849447  -  009.67,  ''  *'  B. 
4000  X  .0849447  »    889.78,        '*        "  C. 

•  4417.18 -f  $206.87  «  $4621.00,  payable  by  owners  of  vessel  and  freight 

800.00+    850.00=     1150.00,        "       to       *'  

4621.00—  1150.00  «    8471.00,  balance  payable  by  ship  owners. 
8000.00-    679.56 »    2820.44,       **      receivable  by  A. 
1500.00-    009.67=      990.88,       "  "  "  B. 

KuLE.  —  I.  Divide  the  sum  of  the  losses  by  the  sum  of  the  con- 
tributory  interests;  the  quotient  wiU  be  the  rate  of  contribution, 

II.  Multiply  each  contributory  interest  by  the  rate;  the  products 
foiU  be  the  respective  contributions  to  the  loss. 

2.  The  ship  Nevada,  in  distress  at  sea,  cut  away  her  main- 
mast, and  cast  overboard  \  of  her  cargo,  and  then  put  into 
Havana  to  refit ;  the  repairs  cost  9 1500,  and  the  necessary 
expenses  of  detention  were  $  420.  The  ship  was  owned  and 
sent  to  sea  by  George  Law,  and  was  valued  at  $  25000 ;  the 
cargo  was  owned  by  Hayden  &  Co.,  and  consisted  of  2800 
barrels  of  flour,  valued  at  $  4.50  per  barrel,  upon  which  the 
freight  was  9  4200.  In  the  adjustment  of  the  loss  by  general 
average,  how  much  was  due  from  Law  to  Hayden  &  Co.  ? 

3.  A  coasting  vessel  valued  at  J$  28000,  having  been  disabled 
in  a  storm,  entered  port,  and  was  refitted  at  an  expense  of 
$  270  for  repairs,  and  $  120  for  board  of  seamen,  pilotage  and 
dockage.  Of  the  cargo,  valued  at  $  5000,  $  2400  belonged  to  A, 
$  1850  to  B,  and  $  750  to  C ;  and  the  amount  sacrificed  for  the 
ship's  safety  was  9 1400  of  A's  property,  and  $  170  of  B's ;  the 
gross  charges  for  freight  were  9 1500.  Required  the  balance, 
payable  or  receivable,  by  each  of  the  parties,  the  loss  being 
apportioned  by  general  average. 
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DUTIES  OS  CUSTOMS. 

669.  Duties,  or  Castoms,  ai-e  taxes  levied  on  imported  goods, 
to  support  the  goverumeiit  aud  to  protect  houie  industry. 

670.  A  Tariff  is  a  schedule  showing  the  rates  of  duties  fixed 
by  law  on  all  kinds  of  impoii;ed  merchandise. 

571.   A  Custom  House  is  an  office  established  by  government 

for  the  transaction  of  business  relating  to  duties. 

It  is  lawful  to  introduce  merchandise  into  a  country  only  at  points  where 
custom  houses  are  established.  A  seaport  town  having  a  custom  house 
is  called  a  Port  of  Entry.  To  carry  on  foreign  commerce  secretly,  with- 
out paying  the  duties  imposed  by  law,  is  Smuggling. 

Note.  —  Custmns  or  dotles  form  the  prinol|>al  soaree  of  revenae  to  the  jfoneral  govern- 
ment of  the  United  States ;  by  Increafttnff  tlie  price  of  Imported  goods  they  operate  as  so 
indlreot  tax  upon  oonsumera,  instead  of  a  general  din-ct  tax. 

57S.   Duties  are  of  two  kinds, — Ad  Valorem  and  Specific. 

Ad  Valorem  Duties  are  taxes  computed  on  the  net  cost  of  the 
goods  in  the  country  from  which  they  were  imported. 

Specific  Duties  are  taxes  computed  on  goods,  without  regard 
to  their  cost. 

NoTS.  —  Most  duties  of  the  United  States  by  the  present  tariff  are  ad  valorem ;  a  few 
are  speeifle ;  and  on  some  groods  both  specific  and  ad  valorem  duties  are  levied. 

573.  An  Invoice  is  an  itemized  bill  of  goods  imported,  show- 
ing the  quantity  and  cost  of  each  kind,  at  the  place  purchased, 
to  be  submitted  at  the  custom  house  as  a  basis  for  levying 
duties. 

674.  In  collecting  customs  it  is  the  intention  of  govern- 
ment to  tax  only  so  much  of  the  merchandise  as  will  be  avail- 
able to  the  importer  in  the  market.  The  goods  are  weighed, 
measured,  gauged,  or  inspected,  in  order  to  ascertain  the  actual 
quantity  arrived  in  port;  and  an  allowance  is  made  in  every 
case  for  waste  or  loss. 

Tare  is  an  allowance  made  for  the  weight  of  the  box  or  the  covtring 
that  contains  the  goods.  It  is  ascertained,  if  necessary,  by  actually  wpi<;h- 
ing  one  or  more  of  the  empty  boxes,  casks,  or  coverings.  In  common 
aiticles  of  importation,  it  is  sometimes  computed  at  a  certain  per  cent 
previously  ascertained  by  frequent  tests  of  weighing. 
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^e  ii  ao  allowaaoe  on  liqaora  imported  in  casks  or  barrels,  and  is 
ftsoertained  by  gauging  the  cask  or  barrel  in  which  the  liquor  is  imported. 

Breakage  is  an  allowance  on  liquors  imported  in  bottles. 

Draft  is  an  allowance  for  the  waste  of  certain  articles,  and  is  made 
only  for  sUUiMtical  purposes  ;  it  does  not  affect  the  amount  of  duty. 

Gross  Weight  or  Valne  is  the  weight  or  value  of  the  goods  before  any 
allowance  or  discount  has  been  made. 

Net  Weight  or  Valne  hi  the  weight  or  value  of  the  goods  after  all  allow- 
ances have  been  deducted. 

576.  A  Bonded  Warehouse  is  a  building  in  which  goods  on 
which  the  duties  are  still  unpaid  are  stored  under  bond.  Such 
goods  are  in  the  joint  custody  of  the  importer  and  the  custom 
house  officers. 

Kons.  —  1.  Imported  goods  left  In  bond,  that  la,  In  bonded  warobooaes,  may  be  ex- 
ported to  a  Ibraiga  eountry  without  payment  of  the  doty.  Goods  which  are  left  in  bond 
beeome  the  property  of  the  government  if  not  removed  at  the  end  of  tliree  years. 

S.  The  officer  who  aoperintends  the  eoUeetion  of  datles  ia  called  the  eoUeetor  ^  iJU 
port. 

8.  Tbnnaifs  ia  a  tax  levied  on  a  vessel  Independoitof  its  eai^o,  for  the  prlvUcgo  of  coming 
into  a  port  of  entry. 

576.  Long  ton  measure  is  employed  in  the  custom  houses  of 
the  United  States  in  estimating  goods  by  the  ton  or  hundred- 
weight 

577.  In  all  calculations  where  ad  valorem  duties  are  con- 
sidered :  — 

I.  The  Net  Value  of  the  merchandise  is  the  worth  of  the  net 
weight  or  quantity  at  the  invoice  price,  and  corresponds  to  the 
Base. 

II.  The  Duty  is  computed  at  a  certain  per  cent  on  the  net 
value  of  the  merchandise,  and  corresponds  to  Percentage. 


Examples. 

578.     1.   What  is  the  duty,  at  40%   ad  valorem,  on  an 
invoice  of  woolen  goods  which  cost  $  750  ? 

SoLrTioN.  —  According  to  §  620,  we 

OPERATION.  multiply  the  invoice,  |i760,  which  is  the 

9  750  X  .40  =  ♦  300  Ans.     base  of  the  duty,  by  the  given  rate,  and 

obtain  the  duty,  f  30a 

BOB.   NBW   Hir.HRR   AR. — 22. 
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a.   What  is  the  duty,  at  24%,  on  50  gross  of  goods,  invoiced 

at  91-20  per  dozen,  2^%  being  allowed  for  breakage? 

Solution.  —  First    we 
OPERATIOK.  find  the  cost  of  the  goods, 

9 1.20  X  12  X  50  =  «  720,  Gross  Value.   ?'  il^LJf '^''^P"?;.  ^^'""^ 
««.f»/v       /Art-       •-•«   T>      1  18  $720.    From  this  sum 

9  720  X  .02o  =  9 18,  Breakage.  ^^  j^^„^t  the  allowance 

3  720  —  *  18  =  ?  702,  Net  Value.  for  hreakige,    f  18,   and 

$  702  X  .24  =  $  168.48,  Duty  Ans.  compate  the  duty  on  the 

remainder. 

3.  Having  paid  the  duty  at  8%  on  an  invoice  of  goods,  I 
iind  that  the  whole  cost  in  store,  besides  freight^  is  9378. 
What  were  the  goods  invoiced  at  ? 

SoLUTiOF. — According  to  §  523,  we 
OPBRATION.  ^j^i^jg  ^g  amount,   $378,   by   1    plus 

9  378  -^  1.08  =  9  350  Ans.     the  rate,  1.08,  and  obtain  the  dose,  or 

invoice,  $  3dO. 

4.  Find  the  total  cost  to  Mr.  Thompson  of  the  following 
invoice  of  goods  in  United  States  money,  and  the  cost  per 
yard  to  him  of  each  kind  of  goods. 

Manchkstkb,  Eng.,  May  1,  1895. 
William  Thompson,  New  York, 

Bought  of  Williams  &  Son, 

20  pieces  Velveteen  Ko.  1, 1000  yd.  @    6d. 
20      "  "         No.  2, 1000   "   @    7(f. 

10      "  "         No.  3,    500   "   @12d. 

10      "  "         No.  4,    500   «   @15d. 

Non-dutiable  charges:  commission  2^%,  freight  and  trans- 
portation $28.73.  Dutiable  charges:  47|%  ad  valorem;  cases 
and  making  up  £4;  the  pound  being  worth  9 4.90  in  the 
market. 

N<iTB.  —  1.  It  win  be  obserred  that  eadi  piece  in  thte  Inrolee  oontidDs  00  yd.  It  Is  eos- 
tomary  In  sneh  Inrolces  to  state  the  number  of  pieces  and  the  Mai  namber  of  jards  instead 
of  the  number  of  jards  In  each  piece.  The  coet  of  cases  and  maklng^  up  are  considered  as 
part  of  the  invoice,  on  which  both  commission  and  dutj  are  compated. 

S.  The  eustom  hoose  valaatlon  of  the  poand  is  ahrajs  $4.8665,  and  this  Tshiatlon  must 
be  taken  in  reckoning  the  duty ',  bat  Ui  AndVog  llie  cmt  of  the  invoice  the  ponod  mast  bo 
reckoned  at  $  4.90,  since  the  Importer  masl  \*y  \:bft  nvax^eX  \it\««  Vk  \\. 
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1000  yd.  @   6d.  =  6000(i 
1000  yd.  @   7(f.  =  7000d, 

500  yd.  (o^  12d.  =  6000d 

500  yd.  @  15d.  =  7500d. 

26500d.= 
£  110^  -f  £  4  =  £  114^  =  Invoice. 

£  114^  @  »  4.90      =  »  560.64 
and  £  114^^  @  $  4.8665  =  $  556.81 
«  560.64  X  .02^ = 9 14.02,    Commis. 

$  556.81  X  .47^=3264.48,  Duty. 

Charges : 
Cost  of  goods,        9  560.64 
Duty,  264.48 

Commission,  14.02 

Freight  and  transp.    28.73 

9  867.87,  Total  cost 

Ans, 

$  867.87  -«-  26500  =  .03275,  cost  in  U.S. 
money  of  Id.  worth  of  goods. 


Solution.  —  The  goods 
amount  to  26500ef.  or 
£110rV  Adding  £4  for 
cases  and  making  up,  the 
invoice  is  £114^2f  '^hich 
at  the  market  value  of  $1.1)0 
to  the  pound  =  ^  560.04, 
and  the  commission  on 
this  at  2\%  is  $14.02. 
Since  the  custom  house 
valuation  of  the  pound  is 
9  4.86(56,  the  duty  on 
£114^j  will  be  £114/^  x 
4.8665  X  .47  J,  or  JJ  556.81 
X  .47^,  which  is  $264.48. 
Adding  the  charges,  we  find 
the  total  cost  of  the  goods 
to  be  1867.87. 

Since  26500(f.  worth  of 
goods  cost  $867.87,  Id. 
worth  will  cost  $867.87  n- 
26500  or  $.3275;  then  6d. 
worth  or  a  yard  of  first  kind 
will  cost  6  times  $.a3275; 
a  yard  of  the  second  kind, 
7  times,  of  the  third,  12 
times,  and  of  the  fourth, 
15  times  $.03275. 


$.03275  X  6  = 
$  .03275  X  7  = 
$  .03275  X  12  = 
« .03275  X  15  = 


9 .197  a  yd.,  cost  of  No.  1. 
$.229  "  "  No.  2. 
$.393  "  "  No. 3. 
$.491  "    "    No.  4. 


Ans, 


Find  the  duty  on  the  following  invoices  of  goods : 

6.   $  356  black  ivory  at  20%  ad  valorem. 

6.  $2340  table  cutlery  at  35%  ad  valorem. 

7.  Twenty  tons  stove  plates  at  -j^  ^  per  pound. 

8.  A  Boston  jeweler  orders  from  Lubec  a  quantity  of  watch 
movements,  amounting  to  $  2780.  What  will  be  the  duty,  at 
25%? 

9.  Find  the  duty  at  20^  pet  \m.  on  *i?>?ft  \w\.  ^i  ^^  's.^^^^. 
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10.  The  duty  at  25%  on  an  importation  of  white  satin  was 
9  816.    What  was  the  invoice  of  the  goods  ? 

11.  The  duty  on  diamonds  in  the  rough  is  10%,  and  on  cut 
diamonds  25%.  Find  the  duty  on  an  invoice  of  rough  dia- 
monds amounting  to  9 1500,  and  polished  diamonds  amounting 
to  9  2758. 

12.  At  IJ  ^  per  pound,  what  is  the  duty  on  600  drums  of 
figs,  each  containing  14  lb.,  invoiced  at  6  J  ^  per  pound  ? 

13.  The  duty  on  an  invoice  of  French  laces  at  50%  was 
9  281.25.     What  was  the  invoice  of  the  goods  ? 

14.  An  English  publishing  house  wishing  to  print  a  book 
in  New  York,  consisting  of  250  pages,  sends  over  the  plates, 
valued  at  9  2.50  a  page.  ^Vhat  will  be  the  duty,  electrotype 
plates  being  taxed  at  25%  ? 

16.  What  is  the  duty,  at  25%  ad  valorem,  on  100  watches 
invoiced  at  120  francs  each,  the  custom  house  valuation  of  the 
franc  being  $  .193  ? 

16.  The  duty  on  an  invoice  of  9  2500  worth  of  engravings 
amounted  to  9  625.    What  was  the  rate  of  duty  ? 

17.  The  duty  on  dress  trimmings  being  20%,  find  the  value 
of  an  importation  of  such  trimmings  on  which  the  duty  is 
9  512.60. 

18.  Find  the  total  cost,  including  duty  and  commission,  of 
an  invoice  of  toys  which  pays  3T02  duty,  at  30%  ad  valorem, 
the  commission  being  2J%. 

19.  Find  the  cost  per  yard  to  the  American  importer  of 
2000  yd.  velveteen  @  8d.  a  yd.,  and  2000  yd.  @  lOd.  Non- 
dutiable  charges:  Commission,  2.J%;  freight  and  transporta- 
tion, $38.  Dutiable  charges:  47^%  ad  valorem;  cases  and 
making  up,  £5,  the  pound  being  worth  $4.90  in  the 
market. 

20.  An  invoice  of  glass  lenses  amounting  to  $525,  pays 
9 183.75  duty.     What  is  the  rate  of  duty  on  lenses  ? 

21.  A  quantity  of  Japan  varnish,  paying  25%  duty,  is  taxed 
at  9  625.     What  is  the  amount  of  the  invoice  ? 
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679.  A  Company  is  an  association  of  individualB  for  the 
prosecution  of  some  industrial  undertaking.  Companies  may 
be  incorporated  or  unincorporated. 

580.  A  Corporation  is  a  body  formed  and  authorized  by  a 
general  law,  or  by  a  special  chai'ter,  to  transact  business  as  a 
single  individual. 

581.  A  Charter  is  the  legal  act  of  incorporation,  and  defines 
the  powers  and  obligations  of  the  incorporated  body. 

582.  A  Firm  is  the  name  under  which  an  unincorporated 
company  transacts  business. 

KoTK.  —  A  private  banking'  couipiiny,  or  a  manuflieturing  or  commercial  Arm  fa  also 
called  a  l/ouMe, 

583.  The  Capital  or  Stock  is  the  money  contributed  and  em- 
ployed to  carry  on  the  business  of  an  individual  corporation, 
company,  or  firm ;  it  receives  different  names,  as  Bank  Stock, 
Bailroad  Stock,  Government  Stock,  etc. 

584.  Scrip  or  Certificates  of  Stock  are  the  papers  or  documents 
issued  by  a  corporation  specifying  the  number  of  shares  of  the 
joint  capital  which  the  holder  owns. 

585.  A  Share  is  one  of  the  equal  parts  into  which  capital 
stock  is  divided.  The  value  of  a  share  in  the  original  contri- 
bution of  capital  varies  in  different  companies ;  in  bank,  insur- 
ance, and  railroad  companies  of  recent  organization,  it  is  usu- 
ally $  100. 

586.  Stockholders  are  the  owners  of  stock,  either  by  original 
title  or  by  subsequent  purchase.  The  stockholders  constitute 
the  company. 

Norm.  —  1.  The  capital  sftcic  of  any  corporation  is  limited  by  the  charter.  As  a  general 
rule,  only  a  portion  is  paid  at  tlie  time  of  suVacriptiuo,  the  residue  being  reserved  for  ftiture 
outlays  or  disbursements. 

t.  When  the  capital  stock  has  been  all  paid  in,  money  may  be  raised.  If  neoessary,  by 
ioaH9,  secured  by  mortgage  upon  the  property.  The  6oM«f«  (see  $  5S()  issued  for  these 
loans  entitle  the  holder  to  a  fixed  rate  uf  interest. 
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8.  Stoi^k,  as  a  geQeral  name,  applies  to  the  scrip  and  bonds  of  a  corporation,  to  goTern- 
ment  bonds  and  public  securities,  and  to  all  paper  representing  Joint  capital  or  claims  upon 
corporate  bodies. 

4.  The  members  of  an  Incorporated  company,  under  certain  conditions,  may  be  held 
individually  liable  Ibr  the  debts  and  obUgations  of  the  company,  to  the  amount  of  their 
interest  or  stock  in  the  company,  and  to  no  greater  amount.  But  the  members  of  a  firm  or 
house  are  individually  liable  for  all  the  debts  and  obligations  of  thecom|>any,  without  regard 
to  the  amount  of  their  share  or  interest  in  the  concern. 

587.  A  Bond  is  a  written  instrument  under  seal,  secur- 
ing the  payment  of  a  sum  of  money  at  or  before  a  speci- 
fied time. 

Coupon  bonds  have  interest  certificates  attached  to  them,  which  are 
torn  off  as  the  interest  becomes  due.  Registered  bonds  are  registered  in 
the  books  of  the  corporation  issuing  them,  in  the  name  of  the  owner. 

588.  Federal  or  United  States  Bonds  are  payable  at  a  fixed 
date,  and  are  known  and  quoted  in  commercial  transactions  by 
the  rate  of  interest  they  bear. 

Note.  —  Bonds  may  be  issued  by  the  general  government  or  by  states,  cities,  or  towns. 
They  are  usually  named  from  the  authority  that  issues  them,  from  the  rate  of  interest  they 
bear,  and  sometimes  from  the  date  on  which  their  payment  becomes  due.  Thus  West  Shore 
4's  are  bonds  Issued  by  the  West  Shore  lUilroad  Company,  bearing  4%  interest.  U.  8. 6*8, 
1896,  are  bonds  issued  by  the  United  States  government,  bearing  6%  interest,  and  due 
U1696. 

The  calculations  of  Percentage  in  stocks  are  treated  in  this 
work  under  the  heads  of  Stockjobbing,  Assessments  and  Divi- 
dends, and  Stock  Investments. 

Stockjobbing. 

589.  Stockjobbing  is  the  buying  and  selling  of  stocks  with  a 
view  to  realize  gain  from  their  rise  and  fall  in  the  market. 

590.  The  Nominal,  Pace,  or  Par  Value  of  stock  is  the  sum  for 
which  the  scrip  or  certificate  is  issued. 

591.  The  Market  or  Real  Value  of  stock  is  the  sum  for  which 

it  will  sell. 

592.  Stock  is  at  par  when  it  sells  for  its  nominal  or  par 
value ;  above  par,  at  a  premium  or  advance,  when  it  sells  for 
more  than  its  nominal  value ;  and  below  par,  or  at  a  discount, 
when  it  sells  for  less  than  its  nominal  value. 
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NoTK. — When  the  buftiness  of  a  company  pays  large  profits  to  the  stockholders,  the  stock 
will  be  worth  more  than  Its  original  cost ;  but  when  the  business  does  not  pay  expenses,  the 
value  of  the  stock  «fiU  be  less  than  Its  original  cost  The  average  market  value  of  stock 
generally  varies  directly  as  the  rate  of  profit  which  the  business  pays.  Since  stocks  con- 
stantly fluctuate  in  value,  the  newspapers  give  daily  quotations  showing  the  market  value 
«f  the  stuck  for  the  time  quoted. 

593.  A  Stock  Broker  is  a  person  who  buys  and  sells  stocks, 
as  the  agent  of  another. 

594.  Brokerage  is  the  fee  or  compensation  of  a  broker. 

595.  A  Stock  Exchange  is  an  ^sociation  of  dealers  in  stocks, 
bonds,  etc.,  and  it  is  also  the  name  of  the  building  in  which 
they  meet  to  do  business. 

Nom.  —  t.  The  principal  stock  exchange  of  the  United  States  Is  in  New  York  City. 
2.  A  man  who  tries  to  force  the  market  price  down  is  called  a  bear,  while  one  who 
tries  to  force  it  up  Is  called  a  huU, 

698.  The  calculations  of  stockjobbing  are  based  upon  the 
following  relations : 

I.  The  Par  Value  of  the  stock  is  the  Base. 

II.  Premiuirij  Discount,  Brokerage,  and  Income  are  each  a 
Percentage,  computed  upon  the  par  value. 

III.  The  Market  Value  of  stock,  or  the  proceeds  of  a  sale,  is 
the  Amount  or  Difference,  according  as  the  sum  is  greater  or  less 
than  the  par  value. 

IV.  Quotations  at  a  discount  are  1  —  the  per  cent,  and  those 
at  a  premium  are  1  +  the  per  cent. 

Ill  all  examples  relHting  to  stocks  $  100  will  be  considered  as  a  share 
unless  otherwise  specified.  The  market  value  or  selling  price  of  stocks 
varies  from  day  to  day,  and  is  ascertained  by  consulting  the  stock  quota- 
tions in  the  newspapers.  Stocks  are  quoted  in  the  papers  as  being  at 
44,  90,  105,  etc. ;  and  this  means  that  a  share,  the  par  value  of  which 
is  9100,  can  be  bought  for  $41,  990,  S 105,  etc. ;  or  that  9  1  worth  of  the 
stock  will  cost  9 .44,  9  '90,  9 1.05.  In  the  fii-st  two  cases  the  stock  is  at  a 
discount,  and  iu  the  third  at  a  premium. 

NoTBS.  —  1.  The  rate  of  brokenuj^e  la  New  York  City  has  been  fixed  at  }  %,  but  in  other 
citieft  it  is  •ometlmea  as  hi^h  as  i  %.  Since  the  brokers^  Is  computed  upon  the  |)ar  value 
of  the  stock,  and  has  the  same  base  as  the  pretnium  or  discount,  it  may  be  directly  added 
or  subtracted  to  the  quoted  rate,  as  the  question  may  require. 

2.  When  a  broker  buyn  stock  for  a  customer,  the  brokerafi^  must  be  cuidtd  to  the  quoted 
price;  and  a  stock  quoted  at  92,  with  brokeraffe  \%,  will  cost  the  customer  92};  {,«., 
$  92|  a  share,  or  $  .92}  for  $  1  par  value.  When  a  broker  9tlh  for  a  customer,  the  brokerage 
most  be  subtracted  flrom  the  quoted  price ;  and  a  stock  quoted  at  92  would  yield  the  cus- 
tomer only  $  91 1  a  share. 
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597.  The  following  tables  show  the  closing  quotations  foi 
some  stocks  and  bonds,  each  for  two  successive  days  in  1895 : 


Stocks. 


Amer.  Sug.  Ref.     .  . 

A.,T.,&St.F 

Bait.  &  Ohio 

Ct'n.  Pacific 

( *hicago  Gas 

Chic.,  Mil.,  &  St.  l\  . 
I>e].  &  Hudson  .  .  .  . 
Gen.  Electric    .  .  .  . 

Lake  Shore 

Mo.  Pacific 

N.  y.  Cen 

N.  Y.,  Lk.  E.,&  W.  . 

No.  Pacific 

Phil.  &  Read 

Pull.  Pal.  Car  ...  . 
St  Louis  &  So.  W.,  pf. 

So.  Pacific 

Union  Pacific  .  .  .  . 
U.  S.  Cordage,  pf.  .  . 
W.  U.  T 


Marcb 

March 

21. 

«. 

»n 

m 

4i 

4J 

531 

53} 

17; 

17 

70 
50 

n\ 

671. 

128 

127} 

32 

35 

137 

1374 

21 

21i 

94 

96 

8| 

n 

3. 

31 

,^2* 

n 

156 

156 

11 

101 

^Zi 

^I» 

^ 

3 

87} 

87| 

B(»XD«. 


Atchison  4*8.  ..  . 
B'way&7th  Av.5*8 
E.  Temi.  5's  .  .  . 
111.  Cen.  4*8,  1953 
Kan.  &  Tex.  4*8  . 
Mo.  K.  &  E.  Ist  . 
Oregon  S.  L.  6'8  . 
Oregon  Imp.  5*4 . 
Read.  Ist  pf.  .  . 
Rio  G.  W.  1st  .  . 
So.  Fac.of  Ariz.  1st 
San  A.  &  A.  P.  Ist4'6 
So.  R'way  5's  .  .  . 
Tex.  Pac.  Ist  5*8  . 
Un.  P.  D.&G.  1st  . 
U.  S.  4*8,  r^.  1907  . 
U.S.  5*8,  coup.  1904 
Wabash  1st  ...  . 
West  Shore  4*8  .  . 
Wis.  Cent.  1st  .  .  . 
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Nora.  —  Id  the  fullowtn^  examples  where  no  quoUlioDS  are  specifled,  tbe  qaotationa  In 
the  6«cond  colnuio  above  are  to  be  taken. 

Examples. 
598.   To  find  the  value  of  stock  at  a  given  quotation. 

1.  Oil  Maixih  21,  1895,  a  broker  bought  for  lue  r»2  shares 
of  Delaware  and  Hudson  stock,  quoted  at  128,  charging  |% 
brokerage.     How  much  must  I  pay  for  it  ? 

OPERATION.  Solution.  —  91  worth  of  stock 

*>^^rv  L  ^^f       Z  ..A    .  Therefore,  «d200  worth  will  cost 

3200  X  $  1.28^  =  9  4100  Ana.    3200  x  « 1.281  =  $4100. 

2.  What  shall  I  receive  for  20  shares  of  Western  Union 
Telegi-aph  stock  @  87^,  brokerage  J%  ? 

OPERA  TioN .  Solution.  —  91  worth  of  stock 

$  .874  -  *  .001  =  »  -871  willyieldme«.87f-f.00Ji=$.87|. 

2000  X  » .871  =  9 1752.60  Ans.     '^H^^'  lf^>  T'^  ^'''^'^  "^ 

Rule.  —  Multiply  the  cost  of  one  dollar  by  tlie  niaaber  indiccU- 
ing  the  par  value  of  the  stock. 
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Find  the  cost  of  the  following  stocks,  using  the  quotations 
in  the  first  column,  the  charge  for  hrokerage  lieing  \%. 

3.  35  shares  Cen.  Pacific.  7.   6  shares  W.  U.  T. 

4.  10  shares  Chicago  Gas.  8.   30  shares  Mo.  Pacific. 
6.   5  shares  Union  l*acific.  9.   50  shares  N.  Y.  Cen. 

6.    100  shares  U.  S.  Cordage,  pf.    10.   8  shares  Del.  &  Hudson. 

Using  the  quotations  in  the  second  column,  find  how  much 
1  would  realize  on  the  following  stocks  if  I  pay  the  broker  J% 
for  selling : 

11.  10  shares  Lake  Shore.  15.    15  shares  A.,  T.,  &  S.  F. 

12.  20  shares  N.  Y.,  Lk.  E.  &  W.  16.    10  shares  Gen.  Electric. 

13.  5  shares  Pull.  Pal.  Car.  17.    100  shares  No.  Pacific. 

14.  25  shares  S.  Pacific.  18.   75  shares  Phil.  &  Read. 

19.  A  speculator  bought  on  March  21,  1895,  250  shares  of 
Amer.  Sug.  Ref.  stock  and  sold  the  same  on  March  22,  pay- 
ing his  broker  ^%  each  for  buying  and  selling.  How  much 
did  he  make  on  the  speculation  ? 

20.  Mr.  Burrows  bought  on  March  21, 1895, 50  shares  General 
Electric  stock  and  100  shares  ('entral  Pacific.  The  next  day 
he  sold  both  stocks  at  the  prices  quoted.  Did  he  gain  or  lose 
by  the  day's  transaction,  and  how  much  ? 

599.   To  find  how  much  stock  can  be  purchased  for  a  giren  sum. 

1.  I  put  $62500  into  the  hands  of  a  broker  to  be  invested 
in  Pullman  Palace  Car  stock.  How  many  shares  shall  I 
receive  if  I  pay  \%  brokerage  ? 

OPERATION. 

9  1.56  -f  9 .00 J  =  9 1.66i,  cost  of  *  1. 
9  62500  -s- 1.56 J  =  9  40000  =  400  shares,  Arts. 

Solution.  —  The  market  value  of  $  1  is  91.56 ;  adding  the  brokerage, 
we  find  that  every  dollar's  worth  of  stock  will  cost  $1.56j.  Hence 
for  $02500  the  broker  can  buy  $62500-$- 1.56 J  =  $40000  worth,  or 
400  shares. 

Rule.  —  Divide  ike  given  sum  by  the  cost  of  one  dollar^s  worth 
of  stock  and  the  quotient  will  be  the  nominal  amount  of  stock 
purchased. 


846  PERCENTAGE. 

Brokerage  being  ^%,  how  many  shares  of  the  following 
stocks  could  be  bought  on  March  22,  '95,  for  the  sums  stated  ? 

2.  St.  Louis  &  So.  W.,  pf.,  9 11000.  5.  Chicago  Gas,  $  57100. 

3.  Amer.  Sug.  Kef.;  $  15880.  6.  So.  Pacific,  392300. 

4.  Chic,  Mil.,  &  St  Paul,  9 14375.    7.  N.  Y.  Central,  9  951.25. 

8.  My  agent  sells  for  me,  at  a  commission  of  5%,  800  bbL 
flour  at  $3.50  per  bbl.,  and  invests  the  proceeds  in  railroad 
stock  at  75},  brokerage  ^%.     How  many  shares  do  I  receive? 

9.  A  broker  exchanges  1^3600  worth  of  railroad  bonds  at 
95  for  27  shares  of  land  stock  at  103,  receiving  the  difference 
in  cash.     How  much  money  does  he  receive  ? 

10.  A  merchant  owning  525  shares  of  stock  worth  104 
exchanges  them  for  U.  S.  bonds  worth  105.  How  much  of  the 
latter  does  he  receive,  making  no  deduction  for  brokerage  .' 

Installments,  Assessments,  and  Dividends. 

600.  An  Installment  is  a  portion  of  the  capital  stock  re- 
quired of  the  stockholders,  as  a  payment  on  their  subscription. 

601.  An  Assessment  is  a  sum  required  of  stockholders,  to 
meet  the  losses  or  the  business  expenses  of  the  company. 

NoTR.  —  The  stock  subscribed  for  is  not  always  all  paid  at  once,  but  tugewmenis  are 
made  as  the  business  may  require.  Saeh  assessments  are  iniitaUmeMtt  of  the  atock.  Other 
assessments  may  be  made  to  meet  losses  or  other  expenses. 

602.  A  Dividend  is  a  sum  paid  to  the  stockholders  from  the 
profits  of  the  business. 

Note.  —  When  a  corporation  wishes  to  raise  more  money  it  sometimes  Issaes  additional 
stock  and  agrees  to  pay  to  the  owners  of  such  stock  a  specified  rate  of  dividend  before  any 
of  the  profits  are  divided  among  the  holders  of  the  common  ttocJk.  Such  stock  Is  called 
ptf/erred  ttock  and  is  usually  sold  at  a  higher  price  than  the  common  stock. 

603.  Gross  Earnings  are  all  the  moneys  received  from  the 
regulai'  business  of  the  company. 

604.  Net  Earnings  are  the  moneys  left  after  paying  expenses, 
losses,  and  the  interest  upon  the  bonds,  if  there  are  any. 

NoTB.  —The  net  earnings  of  a  corporation  are  usually  divided  among  the  stockholder 
in  semiannual  dividends.  The  Income  of  capital  tioek  is  therefore  fluctuating,  baifig 
dependent  upon  the  condition  of  business. 
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605.  In  the  division  of  the  net  earnings,  or  the  apportion- 
ments of  dividends  and  assessments,  the  calculations  are  made 
by  finding  the  rate  per  cent  which  the  sum  to  be  distributed 
or  assessed  bears  to  the  entire  capital  stock.     Hence, 

Dividends  and  Assessments  are  a  Percentage  computed  upon 
the  Par  Value  of  the  stock  as  the  Base. 

Examples. 

€06.  To  find  the  amount  of  diyidend. 

1.  A  stock  company  declares  a  dividend  of  6%.    What  does 

A  receive,  who  owns  14  shares  ? 

OPRRATION.  Solution.  —  According  to  §  620,  we 

9 1400  X  .06  =  $  84  Ans.      multiply  the  base,  or  par  value,  $  1400,  by 

the  rate,  .00,  and  obtain  the  dividend,  ^  84. 

KuLE.  — Multiply  the  par  value  by  the  rate, 

2.  A  man  owns  56  shares  of  i-ailroad  stock,  and  the  com- 
pany has  declared  a  dividend  of  8%.  How  much  does  he 
receive  ? 

3.  I  own  9  15000  in  a  mutual  insurance  company.  How 
many  shares  shall  I  possess  after  a  dividend  of  6%  has  been 
declared,  payable  in  stock  ? 

4.  The  net  earnings  of  a  westeni  turnpike  are  $  3616,  and 
the  amount  of  stock  is  $  56000.  If  the  company  declares  a 
dividend  of  6%,  what  surplus  revenue  will  it  have  ? 

6.  The  capital  stock  of  a  railroad  company  is  $1830000, 
and  its  debt  is  $  450000.  Its  gross  earnings  for  one  year  were 
$  407399,  and  its  expenses  $  217621.  If  the  company  paid  ex- 
penses, and  interest  on  its  debt  at  5f%,  and  reserved  $78, 
what  dividend  would  a  stockholder  receive  who  owned  30 
shares  ? 

6.  A  bank  having  $  156753.19  to  distribute  to  the  stock- 
holders, declares  a  dividend  of  5^%.  What  is  the  amount  of 
its  capital  ? 

7.  A  ferry  company,  whose  stock  is  $28000,  pays  5% 
dividends  semiannually.  The  annual  expenses  of  the  ferry 
are  $  2950.     What  are  the  gross  earnings  ? 
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8.  The  passenger  earnings  of  a  western  railroad  in  one 
year  were  $574375.25,  the  freight  and  mail  earnings  were 
$643672.36,  the  whole  amount  of  disbursements  were 
$651113.53,  and  the  company  was  able  to  declare  a  dividend 
of  8%.     How  much  scrip  had  the  company  issued  ? 

9.  Having  received  a  stock  dividend  of  5%,  I  find  that  I 
own  504  shares.     How  many  shares  had  I  at  first  ? 

10.  I  received  a  6%  dividend  on  a  railroad  stock,  and  in- 
vested the  money  in  the  same  stock  at  75%.  My  stock  had 
then  increased  to  $  16200.  What  was  the  amount  of  my  divi- 
dend ? 

607.  To  find  the  rate  of  dividend  or  installment  to  be  paid. 

1.  A  canal  company  whose  subscribed  funds  amount  to 

$84000,  requires  an  installment  of  $6300.     What  per  cent 

must  the  stockholders  pay  ? 

Solution.  —  According  to  §  622,  we 

OPERATION.  divide  the  installment,  $6300,  which  ia 

$  6300  -8-  $84000  =  .07|  Ans.  percentage,  by  the  base,  or  par  value 

$84000,  and  obtain  the  rate,  .07}  =7|  %. 

Rule. — Divide  the  dividend  or  instaUment  by  the  par  value  of 
the  stock, 

2.  The  paid-in  capital  of  an  insurance  company  is  $  536000. 
Its  receipts  for  one  year  are  $99280,  and  its  losses  and  ex- 
penses are  $  56400.     What  rate  of  dividend  can  it  declare  ? 

3.  The  charter  of  a  new  railroad  company  limits  the  stock 
to  $  800000,  of  which  3  installments  of  10%,  25%,  and  35%, 
respectively,  have  been  already  paid  in.  The  expenditures  in 
the  construction  of  the  road  have  reached  the  sum  of  $  540000, 
and  the  estimated  cost  of  completion  is  $400000.  If  the 
company  calls  in  the  final  installment  of  its  stock,  and  assesses 
the  stockholders  for  the  remaining  outlay,  what  will  be  the 
rate  per  cent  of  assessment  ? 

4.  The  capital  of  a  stock  company  is  $  527000.  Its  losses 
during  a  certain  year  are  $  7905.  If  the  stockholders  are  as- 
sessed to  pay  this  loss,  what  will  be  the  rate  of  assessment, 
and  how  much  will  A  pay,  who  owns  9  shares  ? 
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6.  The  capital  of  a  company  is  $  673000.  Its  receipts  for 
one  year  are  $  56000  and  its  expenses  $  105000.  If  the  stock- 
holders are  assessed,  what  will  be  the  rate  of  assessment  ? 

6.  The  capital  stock  of  a  certain  railroad  company  consists  of 
$200000  worth  of  6%  preferred  stock  and  9  500000  worth  of 
common  stock.  If  its  net  earnings  in  one  year  are  $  15000, 
what  per  cent  of  dividend  can  it  pay  on  the  common  stock  ? 

NoTK.  —  After  all  expenses,  mortgagee,  etc.,  tare  paid,  the  apeelfled  dividend  Is  first 
paid  on  the  preferred  stock,  and  the  balance  of  the  net  earnings  is  ])ald  as  a  dividend  on  the 
common  stock. 

7.  The  net  earnings  of  a  steamship  company  during  a  certain 
year  were  $  36000.  Its  capital  stock  consisted  of  $  400000 
common  stock,  and  $250000  preferred  stock  at  7%;  besides 
which  there  was  a  mortgage  of  $  75000  on  the  property  of  the 
company,  bearing  5%  interest.  What  was  the  rate  of  divi- 
dend paid  on  the  common  stock  ? 

Stock  Investments. 

608.  As  we  have  seen  the  income  of  capitcU  stock  is  fluctuat- 
ing, but  the  income  arising  from  bonds,  whether  of  government 
or  corporations,  is  fixed,  being  a  certain  rate  per  cent,  semi- 
annually, of  the  par  value,  or  face  of  the  bonds. 

Examples. 

699.   To  find  what  income  any  investment  will  produce. 

1.  What  income  will  be  obtained  by  investing  1(6840  in 
stock  bearing  6%,  and  purchased  at  95  ? 

OPERATION. 

9  6848  -!-  .95  =  $  7200,  Stock  purchased. 
$  7200  X  .06  =  *  432,  Annual  Income  Ans, 

Solution.  — We  divide  the  invefitment,  $6840,  by  the  cost  of  $  1,  and 
obtain  $7200,  the  stock  which  the  investment  will  purchase  (§  590),  And 
since  the  stock  bears  6  %  interest,  we  have  $  7200  x  .06  =  9  432,  the  annual 
income  obtained  by  the  investment. 

KuLE.  —  Find  Jiow  much  stock  tJie  investment  will  purdiasej 
and  then  compute  the  income  at  the  given  rate  upon  tJte  par 
valne. 
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2.  The  trustees  of  a  school  invested  ^  50000  in  U.  S.  4% 
bonds,  as  a  teacher's  fund,  purchasing  the  stock  at  102 J.  If 
the  principal's  salary  is  9 1000,  what  sum  will  be  left  to  pay 
assistants  ? 

3.  A  young  man,  receiving  a  legacy  of  $  48000,  inve8ted.one 
half  in  5%  stock  at  95^,  and  the  other  half  in  6%  stock  at 
112,  paying  brokerage  at  ^%.  What  annual  income  did  he 
secure  from  his  legacy  ? 

4.  I  have  $  32300  to  invest,  and  can  buy  New  York  Central 
6'8  at  85,  or  New  York  Central  T's  at  95.  How  much  more 
profitable  will  the  latter  be  than  the  former,  per  year  ? 

6.  If  I  invest  $  10504  in  5%  bonds  at  104,  what  income  will 
my  investment  yield  ? 

6.  A  owns  a  farm  which  rents  for  $  411.45  per  annum.  If 
he  sells  it  for  $  8229,  and  invests  the  proceeds  in  6%  bonds, 
at  105,  paying  J%  brokerage,  will  his  yearly  income  be  in- 
creased or  diminished,  and  how  much  ? 

7.  A  sold  $8700  of  6  per  cents  at  104,  and  invested  the 
proceeds  in  5  per  cents  at  94,  brokerage  ^%  both  for  selling 
and  buying.  Did  he  gain  or  lose  by  the  exchange,  and  how 
much  annually  ? 

610.  To  find  what  sum  must  be  invested  to  obtain  a  given 
income. 

I.  What  sum  must  be  invested  in  Virginia  5%  bonds,  pur- 
chasable at  80,  to  obtain  an  income  of  $  600  ? 

OPERATION. 

*  600  -H  .05  =  $  12000,  stock  required. 

$  12000  X  .80  =  $  9600,  cost  or  investment,  Ans. 

Solution.  —  Since  $  1  of  the  Btock  will  obtain  $  .05  income,  to  obtain 
$600  will  require  $  000  -4-.O6  =  1 12000.  Multiplying  the  par  value  of  the 
stock  by  the  market  price  of  $  1,  we  have  $  12000  x  .80  =  f  9600,  the  cost 
of  the  required  stock,  or  the  sum  to  be  invested. 

Rule.  —  I.  Divide  the  given  income  by  the  per  cent  which  the 
stock  pays;  the  quotient  will  be  the  par  vcUtie  of  the  stock  required, 

II.  Multiply  the  par  value  of  the  stock  by  the  market  value  of 
one  dollar  of  the  stock  ;  the  product  will  be  the  required  investmenL 
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2.  If  Missouri  State  6's  are  at  84,  what  sum  must  be  invested 
in  this  stock  to  obtain  an  income  of  $  960  ? 

3.  How  much  must  I  invest  in  U.  S.  4's,  at  106,  that  my 
annual  income  may  be  $  1752  ? 

4.  If  I  sell  $15600  worth  of  railroad  bonds  at  97,  and 
invest  a  sufficient  amount  of  the  proceeds  in  U.  S.  4*8,  at  107, 
to  yield  an  annual  income  of  $  360,  and  buy  a  house  with  the 
remainder,  how  much  will  the  house  cost  me  ? 

6.  Charles  C.  Thomson,  through  his  broker,  invested  a  certain 
sum  of  money  in  U.  S.  4's  at  107^,  and  twice  as  much  in  rail- 
road bonds  (5's)  at  98^,  brokerage  in  each  case  \%,  His  income 
from  both  investments  was  9 1644.  How  much  did  he  invest 
in  each  kind  of  stock  ? 

611.  To  find  what  per  cent  the  income  is  of  the  investmentf 
when  stock  is  purchased  at  a  given  price. 

1.  What  per  cent  of  my  investment  shall  I  secure  by  pur- 
chasing New  York  7's  at  105. 

OPERATION.  Solution.  —  Since  $1  of  the  stock  will 

.07  -!- 1.05  =  64%  Ana.     «>«*  ♦  l-^»  «^^  P^V  ♦  •^7»  ^®  income  is  yjy 

*  '^  =  6|  %  of  the  investment 

KuLE.  —  Divide  the  annual  income  by  the  market  price  of  the 
stock;  the  quotient  wiU  be  the  rate  upon  the  investment. 

2.  What  per  cent  of  his  money  will  a  man  obtain  by  invest- 
ing in  6%  stock  at  108? 

3.  What  is  the  rate  of  income  upon  money  invested  in  6% 
bonds,  purchased  at  84  ? 

4.  Which  is  the  better  investment,  to  buy  5's  at  70,  or  6's 
at  80? 

6.  Which  is  the  more  profitable,  to  buy  8%  bonds  at  120, 
or  5's  at  75  ? 

6.  What  is  the  rate  of  income  upon  money  invested  in  United 
States  4's  at  112  ? 

7.  Which  is  the  better  investment,  U.  S.  4's  at  108},  or 
railroad  5's  at  98,  and  how  much  per  cent  per  annum  is  it 
better  ?     * 
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8.  If  a  man  invests  $  10000  in  5's  at  08,  and  exchanges  them 
at  par  for  7^%  bonds  quoted  at  102,  what  is  his  rate  of 
income  ? 

9.  What  per  cent  of  his  money  will  a  man  gain  by  investing 
in  Pacific  Railroad  6's  at  105  ? 

612.  To  find  the  price  at  which  stock  must  be  purchased  to 
obtain  a  given  rate  upon  the  investment. 

1.  At  what  price  must  6%  stocks  be  purchased  in  order 
to  obtain  8%  income  on  the  investment  ? 

Solution.  —  Since  $0,  the  income  of  $100 

OPERATION.  of  the  stock,  is  8%  of  the  sum  paid  for  it, 

J  6  -8-  .08  =  IP  75,  Ans.    ^^  -«-  -08,  or  $75,  must  be  the  purchase  price ; 

hence  the  stock  must  be  bought  at  75. 

Rule.  —  Divide  the  anntuU  income  tohich  the  stock  bears  by 
tlie  rate  required  on  tlie  investment ;  the  quotient  toill  be  the  price 
of  the  stock. 

2.  What  must  I  pay  for  5  per  cents,  that  my  investment 
may  yield  8%  ? 

3.  At  what  rate  of  discount  must  Vermont  6%  bonds  be 
purchased,  that  the  person  investing  may  secure  6^%  upon 
his  money  ? 

4.  What  rate  of  premium  does  7%  stock  bear  in  the  market 
when  an  investment  pays  6%  ? 

5.  A  speculator  invested  in  a  life  insurance  company,  and 
received  a  dividend  of  6%,  which  was  8J%  on  his  investment 
At  what  price  did  he  purchase  ? 

6.  What  must  I  pay  for  5  per  cents,  that  my  investment 
may  yield  6%  ? 

7.  What  rate  of  premium  do  6  per  cents  bear  in  the  market 
when  an  investment  pays  6%  ? 

8.  At  what  rate  of  discount  must  8  per  cents  be  purchased, 
that  the  investment  shall  yield  10%  ? 

9.  What  must  I  pay  for  6  per  cents,  that  my  investment 
may  yield  7fc  ? 
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613.  Interest  is  a  sum  paid  for  the  use  of  money. 

614.  Principal  is  the  sum  for  the  use  of  which  interest 
is  paid. 

615.  Rate  Per  Cent  per  annum  or  Rate  of  Interest  is  the  per 
cent  of  the  principal  paid  for  its  use  for  one  year. 

NoTK.  —  The  nte  pw  cent  k  eommonly  expreraed  dednully  m  hundredths. 

616.  Amount  is  the  sum  of  the  principal  and  interest. 

617.  Simple  Interest  is  the  sum  paid  for  the  use  of  the  prin- 
cipal only,  during  the  whole  time  of  the  loan  or  credit. 

616.  Legal  Interest  is  the  rate  per  cent  established  by  law. 
It  varies  in  different  states. 

LEGAL  INTEREST  IN  THE  UNITED  STATES   IN  1898. 


STAns  urn  TMtti. 
tosras. 


AbteoiA  . 
Arlsona .  . 
ArkansiM  . 
California  . 
I'-olondo  . 
Connecticut 
Delaware  . 
Dist.  of  Columbia 
Ilorida  .  . 
Oeorpia .  . 
Idaho  .  . 
Illinois  .  . 
Indlam .  . 
Iowa .  .  . 
Kansas  .  . 
Kentucky  . 
Looislaiia  . 
Maine  .  . 
Maryland  . 
Massachusetts 
Mkhlfran  . 
Minnesota  . 
MfwIsstppI 
MIssoari  . 
Montana 


■^ 

a 


8 
7 
6 
7 
8 
6 
6 
6 
S 
7 

10 
ft 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
« 

10 


Special. 


Limit  8. 
No  limit. 
Limit  10. 
No  limit 
No  limit. 
Limit  6. 
Limit  6. 
Limit  10. 
Lhnit  10. 
Limit  8. 
Ltmlt  18. 
Limit  7. 
Limit  8. 
Limit  8. 
Limit  10. 
Limit  6. 
Limit  8. 
No  limit. 
Llinit  6. 
No  limit 
Limit  8. 
Limit  10. 
Limit  10. 
Lknit  8. 
No  Hmlt 


Statbb  and  Tkkki- 

TOKIBS. 


Nebraska  .  . 
Nevada .  .  . 
New  Hampshire 
New  Jerscj'  . 
New  Mexico  . 
New  York .  . 
North  Carolina 
North  Dakota 
Ohio  .... 
Oklahoma  .  . 
Orefron  .  .  . 
Pennsylvania. 
Khode  Inland  . 
South  Carolina 
South  Dakota 
Tennes^vu  .  . 
Texas  .  .  . 
Utah.  .  .  . 
Vermont  .  . 
Viririnla  .  . 
Washln^rton  . 
West  Virplnfa 
Wisconsin  .    . 

WyoralnfT  •    • 


id 


Spboial. 


7 
7 
6 
6 
« 
6 
6 
7 
6 
7 
8 
6 
6 
7 
7 
6 
< 
8 
6 
6 
8 
6 
6 
18 

\  \ 


Lfank  10. 
No  limit 
Limit  6. 
Limit  6. 
Limit  12. 
Limit  6. 
Limit  8. 
Limit  12. 
Limit  8. 
Limit  12. 
Urait  10. 
Lhnit  6. 
No  limit 
Limit  8. 
Limit  12. 
Limit  C. 
Lhnit  10. 
No  limit 
Limit  6. 
Limit  6. 
No  limit 
Limit  6. 
Limit  10. 
No  limit 
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NoTR.  —  The  first  column  rcprcsento  the  interest  that  may  be  legaUy  eolleeted  if  do  rate 
is  mentioned  in  the  contract.  If  expressly  stipulated  in  the  contract,  any  interest  may  be 
charged  not  exceeding  the  limit  in  the  second  column. 

619.  Usury  is  a  higher  rate  of  interest  than  is  allowed  by 
law. 

620.  In  the  operation  of  interest  there  are  five  parts  or  ele- 
ments, namely : 

I.  Bate  Per  Cent  per  annum,  which  is  the  fraction  or  deci- 
mal denoting  how  many  hundredths  of  a  sum  of  money  are  to 
be  taken  for  a  period  of  1  year,  and  corresponds  to  the  Bate 
Per  Cent  in  percentage. 

II.  Interest,  which  is  the  whole  sum  taken  for  the  whole 
period  of  time,  whatever  it  may  be,  and  corresponds  to  Per- 
centage. 

III.  Principal,  which  is  the  Base  or  the  sum  on  which 
interest  is  computed. 

IV.  Amount,  which  is  the  sum  of  principal  and  interest,  and 
corresponds  to  Amount  in  percentage. 

y.  Time,  an  added  element  which  does  not  appear  in  percent- 
age. 

These  parts  bear  sach  a  relation  to  one  another,  that  any  three  of  them 
being  given  (provided  one  of  the  three  be  the  time  or  rate),  the  other  two 
may  readily  be  fonnd.  Hence  there  are  many  problems  in  Simple  In- 
terest, but  the  five  following  cases  are  the  ones  that  occur  most  frequently 
in  business  transactions. 

621.  I.  Given  the  principal,  rate,  and  timje,  to  find  the  interest 
and  amount, 

II.  Given  the  time,  rate,  and  interest,  to  find  the  principal  and 
amount. 

III.  Given  the  time,  rate,  and  amount,  to  find  the  principal 
and  interest, 

IV.  Given  the  principal,  time,  and  interest,  to  find  the  rate. 

V.  Given  the  principal,  rate,  and  interest,  to  find  the  time. 

Nora.  —  It  is  evident  that  when  the  principal  and  interest  are  known,  the  amount  may 
be  found  directly  by  addition ;  hence  in  problems  lY  and  V  where  the  principal  and  Interest 
are  given  in  the  example,  it  is  nnneoessarjr  to  state  the  finding  of  the  fifth  element,  amount^ 
as  part  of  the  problem. 
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Examples. 

932.  Oiyen  the  principal,  rate,  and  time,  in  years  and  months, 
to  find  the  interest  and  amount. 

1.   What  are  the  interest  and  amount  on  9  75.19  for  3  years 
6  months,  at  4%  ? 

OPERATION. 

$  76.19 
M 

$  3.0076 

^ 

16038 
90228 

$  10.6266  Int.  Arts. 
75.19 


Solution.  —  The  interest  on  $  76.19  for  1  yr., 
at  4%,  is  .04  of  the  principal,  or  $3.0076,  and  the 
interest  for  3  yr.  6  mo.  is  3^  times  the  interest  for 
1  yr.,  or  $  10.5266. 

The  amount  is  equal  to  the  sum  of  the  prin* 
cipal  and  interest. 


$  86.7166  Amt.  Ans, 

EuLE.  —  I.  Multiply  tJie  principal  by  the  rcUeper  cctU,  and  the 
product  will  he  the  interest  for  1  year. 

II.  MuUiply  the  product  by  the  time  in  years  and  fractions  of 
a  year;  the  result  will  be  the  required  interest. 

623.  As  the  interest  is  the  product  of  the  principal,  rate, 
and  time,  ot  p  x  r  xt,  we  can  readily  express  the  formulas 
(see  §  625,  Percentage)  for  the  solution  of  these  five  problems ; 
for  ii  p  xr  xt  =  iy  if  we  divide  both  sides  of  the  equation 
by  r  X  tf  the  result  is  p  =  t  -*-  (r  x  t),  etc.   (Ax.  4.) 

t  =j>  xr  xt. 
p  =  i  -t-  (r  X  t). 
p  =  a-^(l  -{-r  xt). 
a=p  X  (1  -fr  X  0- 
r  =  t  -*-(p  X  «  X  1%). 
t  =i  -^(p  X  r). 

624.  In  interest,  any  rate  per  cent  is  confined  to  1  year. 
Therefore,  if  the  time  is  more  than  1  year,  the  per  cent  will 
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be  greater  than  the  rate  per  cent  per  annum,  and  if  the  time  is 
less  than  1  year,  the  per  cent  will  be  less  than  the  rate  per 
cent  per  annum.  From  these  facts,  we  deduce  the  following 
principles : 

Pbikciples.  —  I.  ff  the  rate  per  cent  per  apoKwrn,  is  mnkipUed 
by  the  time,  expressed  in  years  and  frddioiis  or  decimals  of  a 
year,  tJie  product  will  be  the  rale  for  the  required  time. 

II.  If  the  principal  is  multiplied  by  the  rate  for  the  required 
time,  Hie  product  will  be  the  required  interest. 

III.  Interest  is  always  (he  product  of  three  factors^  namdjf^  rate 
per  cent  per  annum,  time,  and  prineipaL 

625.  Ib  computing  interest  the  diree  factors  may  be  taken 
in  any  order ;  thus,  if  the  principai  is  aiultiplied  by  the  rate 
per  cent  per  annum,  the  product  will  be  the  iaterest  for  1 
year ;  and  if  the  interest  for  1  year  is  multiplied  by  the  time 
expressed  in  years,  the  result  will  be  the  required  interest 
Hence  we  have  the  following  rule : 

BuLE.  —  I.  Find  the  continued  product  ^f  the  rate  per  cent 
per  annum,  time,  and  principal,  taken  in  such  order  as  is  mo^ 
convenient;  the  continued  product  will  be  tlte  required  interest. 

II.  Add  the  principal  and  interest,  and  the  result  will  be  the 
amount. 


To  And  the  interert  on  any  smn,  at  any  nte  per  cent  lor 
any  time. 

I.  The  interest  on  any  simi  for  1  year  at  1  per  cent.  Is  .01  of  that  Ban, 
and  is  equal  to  the  principal  wRh  the  decimal  point  removed  two  places 
to  the  left. 

II.  A  month  being  y\  of  a  year,  ^  of  the  interest  on  any  sum  for  1 
year  is  the  interest  for  1  month. 

III.  The  interest  on  any  sum  for  3  days  is  ^V  =  i^v  =  '^  ^^  ^^^  interest 
for  1  month,  and  any  number  of  days  may  readily  be  reduced  to  tenths  of 
a  month  by  dividing  by  8. 

IV.  The  interest  on  any  sum  for  1  month,  multiplied  by  any  given 
time  expressed  in  months  and  tenths  ef  a  montli,  will  produce  Che  re- 

qairdd  bUeiWBi. 
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1.  What  is  the  interest  on  $  72468  for  2  yr.  5  mo.  19  da., 


at7%? 


OPBRATIOV. 


2  yr.  5  mo.  19  da.  =  2^.^  ma 
12)9  7.2468 

$.6039 

2013 
36234 
54351 
12078 


$  17.89557 

7 


912526899    Ans. 
the  giyen  time,  at  the  given  rate  per  cent. 


Solution.  —  We  remoye  the  deci- 
mal point  in  the  given  principal  two 
places  to  the  left,  and  have  $  7.2468, 
the  interest  on  the  given  sum  for  1 
year  at  1%  (I).  Dividing  this  by 
12,  we  have  $  .6039,  the  interest  for 
1  month,  at  1  %  (11). 

Multiplying  this  quotient  by  20.6}, 
the  time  expressed  in  months  and 
decimals  of  a  month  (III),  we  have 
$  17.89657,  the  interest  on  the  given 
sum  for  the  given  time,  at  1  %  (IV). 
And  multiplying  this  product  by  7 
(7  times  1  %),  we  have  $  I25.2r»8,  the 
interest  on  the  given  principal,  for 


Bui«B.  —  I.  To  find  the  interest  for  1  yr.  at  1%.  —  Move 
the  decimal  point  in  the  given  principal  two  placed  to  the  left. 

II.  To  find  the  interest  for  1  mo.  at  1%,  —  Divide  the  in- 
terest for  1  year  by  12. 

III.  To  find  the  interest  for  any  time  at  1%.  —  Multiply  the 
interest  for  1  mo^nth  by  the  given  time  eo^essed  in  months  and 
tenths  of  a  month. 

IV.  To  find  the  interest  at  any  rate  per  cent  —  Multiply 
the  interest  atlfc  fo^  ^he  given  time  by  tlie  given  rate. 

Contractions.  ^>  After  removing  the  decimal  point  in  the  principal  two 
places  to  the  left,  tlie  result  may  be  regarded  either  as  the  interest  on  the 
given  principal  for  12  months  at  1  per  cent,  or  for  1  month  at  12  per  cent. 
If  we  regard  it  as  for  1  month  at  12  per  cent,  and  if  the  given  rate  is  an 
aliquot  part  of  12  per  cent,  the  interest  on  the  given  principal  for  1 
month  may  readily  be  found,  by  taking  such  an  aliquot  part  of  the  in- 
terest for  1  month  as  the  given  rate  is  part  of  12  per  cent.    Thus, 

To  find  the  interest  for  1  month  at  6  per  cent,  remove  the  decimal 
point  two  places  to  the  left,  and  divide  by  2. 

To  find  it  at  3  per  cent,  proceed  as  before,  and  divide  by  4 ;  at  4  per 
cent,  divide  by  3;  at  2  per  cent,  dWvde  \^^  Q^  ^\a. 
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SIX    PER   CENT   METHOD. 

627.  By  the  table  on  page  353,  it  will  be  seen  that  the  legal 
rate  of  interest  in  28  states  is  6  per  cent.  This  is  a  sufficient 
reason  for  introducing  the  following  brief  method : 

At  6%  per  annum  the  interest  on  $  1 

For  12  mo is  $.06. 

"     2  mo.  (T^y  =  i  of  12  mo.)    .  .  «     .01. 

'*     1  mo.,  or  30  da.  (^  of  12  mo.)  "     .00 J  =  $.005  (^  of  $.06). 

"     6  da.  (^  of  30  da.) «     .001. 

"     1  da.  II  of  6  da.  =  ^  of  30  da.)  is  .OOOJ. 

Principle.  —  Hence  the  interest  of  any  sum  cU  6%  is  half  as 
many  hundredths  of  the  principal  as  there  are  months  in  the  given 
timey  and  one  sixth  oa  m^ny  thousandths  as  tJiere  are  days  in  the 
given  time. 

628.  To  find  the  interest  by  the  6%  method. 

1.  Find  the  interest  on  $500  for  2  years  4  months  7  days 
at  6%  and  at  8%. 

OPERATIOy. 

$  .12        Int.  of  $  1  for  2  yr. 
.02        Int.  of  $  1  for  4  mo. 
.001|    Int.  of  $  1  for  7  da. 

$  .1411^    Int.  of  $  1  for  2  yr.  4  mo.  7  da.  at  6%. 

Or, 
2  yr.  4  mo.  =  28  mo.     |  of  28  =  $.14 
I  of  7  da.    =1^  da.  =    .OOlj^ 

$.141^ 

$  .141^  X  500  =  $  70.583 J,    Int.  at  6%  Ans. 

8%=  I  or  I  of  6%. 

f  of  $  70.583^  =  $  94.11^,     Int.  at  8%  Ans. 

Solution.  —  Since  the  interest  on  $  1  for  1  yr.  is  $  .06,  for  2  yr.  it  will 
be  9 .12.  Since  the  interest  for  2  mo.  is  fi  .01,  for  4  mo.  it  will  be  $  .02. 
Since  the  interest  for  6  da.  is  $.001,  and  for  I  da.  is  $ .000^,  for  7  da.  it 
is  $.00l|.  Adding,  we  find  the  interest  on  $1  for  2  yr.  4  mo.  7  da. 
at  6  %  to  be  $  .141^.  Therefore,  the  interest  on  §  500  is  500  times  $  .141^, 
which  is  $70,683^.  Since  S%  is  }  of  6%,  tlie  interest  at  8%  is  |  of 
9  70.683  V,  which  is  $94.11^. 
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Rule.  —  I.  Find  the  interest  of  $1  for  the  given  time  cU6%y 
whidi  icill  be  half  as  many  hundredihs  of  a  dollar  as  there  are 
m4)nthSf  and  one  sixth  as  many  thousandtlis  as  tliere  are  days, 

XL  Multiply  Hie  principal  by  tJie  interest  of  $  1,  to  obtain  tlie 
interest  of  the  given  number  of  dollars. 

NoTBi.  —  1.  To  find  the  Interest  at  any  other  nte  per  cent  by  this  method,  first  find  It 
at  6%,  ftttd  then  increase  or  diminish  the  result  by  as  many  times  itself  as  the  given  rate  is 
greater  or  less  than  <>%.    Thus,  for  1%  add  i,  and  for  4%  subtract  ^,  etc. 

8.  The  interest  of  1 10  for  6  days,  or  of  $  1  for  60  days.  Is  $  .01.  Therefore,  If  the  prin- 
otpal  la  lass  than  $  10,  and  the  time  less  than  6  days,  or  the  principal  less  than  $  1,  and  the 
time  less  than  00  days,  the  interest  wlU  be  less  than  $  .01,  and  may  be  disregarded. 

8.  Since  the  Interest  of  $  1  for  60  days  is  $  .01,  the  interest  of  $  1  for  any  number  of  days 
la  as  many  centa  as  60  is  contained  times  in  the  number  of  days ;  hence  if  we  muUiplp 
Ike  principal  by  the  nwmber  4ff  day^  divide  ihs  product  by  60,  and  point  off  ttoo 
decimal  plac«9  in  tks  quotient,  the  reemit  tciU  be  the  intereet  in  the  tame  denomi- 
nation  ae  the  principal. 

629.  To  find  exact  interest. 

When  the  time  is  short,  interest  \b  usually  computed  for  the  actual 
numher  of  days — 360 days  heing  considered  as  a  year;  but  when  it  is 
desirable  to  find  the  exact  interest,  we  must  consider  the  year  as  con- 
sisting of  366  days,  and  a  leap  year  as  of  366  days. 

1.  Find  the  exact  interest  of  ^  600  from  April  6, 1893,  to  May 
4, 1893,  at  6%. 

OPEBATIOX. 

28da.=^yr. 

^  of  ^  .06  =  rHtir  =  ^0046,       Solution. --The   time    is   28 

Int  of  $  1.  ^y®  5  2^  ^*y®  are  ^  of  a  year. 

ft  nnAA  Since  the  interest  on  f  1  for  1 

*  •""***  year  is  f  .06,  for  ^y^  of  a  year  it 

600  is  ^5  of  f  .06,  which  is  f  .0046. 

Ao^r/*     T  1.      i*  A  /•/\/\    J  Hence  the  interest  of  f  600  is  600 

9  2.76,  Int  of  »  600  ^Tia.  ^^^  ^  ^^^^  ^^.^^  ^  ^2.76. 

Or,  Or,  since  the  interest  of  f  600 

»600  X  .06  =  »36,  Int  1  yr.  at  *ff  ^l*  y*^'"  *^,  ®%  ^»  ♦^^  ^o*" 

"^  «^     /J^  of  a  year  it  is  M  o^  ^36, 
^70'  which  is  f  2.76. 

^of  «36  =  $2.76,Intof«600 
for  28  da.,  at  6%  Ans. 

Rule. — I.  Express  tfie  exact  number  of  days  as  the  fraction 
of  a  year  (365  days). 

IL  Find  the  continued  product  of  this  fraction  by  the  rate  per 
annum  and  the  prindpaL 
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2.  ♦325for3yr. 

3.  9 1600  for  1  yr.  3  mo. 

4.  $  36.84  for  5  mo. 
6.  $255  for  2  mo. 


Find  the  interest  and  amount  on  the  following  sums  for  the 
times  given,  at  6^ : 

6.  $35.14  for  2  yr.  9  mo.  15  da. 

7.  9  217.15  for  3  yr.  10  mo.  1  da. 

8.  $  721.53  for  4  yr.  1  mo.  18  da. 

9.  $  15.125  for  15  mo.  17  da. 

Find  the  interest  and  amount  of  the  following  sums  for  the 
*  given  times  at  7^  : 

10.  $  2000  for  5  yr.  6  ma  13.   $  100.25  for  63  da. 

11.  $  1436.59 for 2 yr. 5 mo.  18 da.  14.    $600  for  24  da. 

12.  $  620  for  5  yr.  11  mo.  29  da.      15.   $  224.14  for  8  mo.  13  da. 

Find  the  interest  and  amount  of  the  following  sums  at  5% : 

16.  $  48.255  for  5  yr.  19.   $  12850  for  90  da. 

17.  $  750  for  1  yr.  3  mo.  20.   $  2500  for  7  mo.  20  da. 

18.  $  647.654  for  4  yr.  10  mo.  20  da.  21.   $  850.25  for  8  ma 

22.   $48.25  for  1  yr.  2  mo.  17  da. 

Find  the  interest  and  amount  of  the  following  sums  at  8%  : 

23.  $  2964.12  for  11  mo.  25.   $ 360  for  2  yr.  6  mo.  12  da. 

24.  $  725.50  for  150  da.  26.   $  600  for  3  yr.  2  mo.  17  da. 

Find  the  interest  of  the  following  sums  at  10%  : 

27.  $  3045.20  for  7  ma  15  da.    29.  $  2450  for  60  da. 

28.  $1247.375  for  2  yr.  26  da.     30.  $  375.875  for  3  ma  22  da. 

31.  $  5000  for  1  yr.  2  mo.  10  da. 

32.  $  127.65  for  1  yr.  11  ma  3  da. 

33.  What  is  the  interest  of  $  155.49  for  3  ma,  at  6\%? 
84.  What  is  the  interest  of  $  970.99  for  6  mo.,  at  5^%? 

35.  What  is  the  amount  of  $  360.50  for  2  yr.  10  mo.,  at  7%? 

36.  What  is  the  interest  of  $  95.008  for  3  ma  24  da.,  at  ^%? 

37.  What  is  the  amount  of  $145.20  fori  yr.  9  mo.  27  da., 
at  12^%? 

S8,    What  is  the  amount  of  $  215.^  iox  4  ^x.  ^  m^^.,  ^x.'^W- 
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39.  WhatistheamcMiiitof  ^5000for20€UL,  at  7%? 

40.  What  is  the  amount  of  9 16941  for  1  yr.  7  mo.,  at  4}^? 

Find  the  exact  interest  of: 

41.  $  100  for  7  yr.  7  mo.,  at  6%. 

42.  $  47.50  for  4  yr.  1  mo.,  at  9%. 

43.  ^2000  for  3  mo.,  at  7%. 

44.  If  $  1756.75  is  placed  at  interest  June  29,  1892,  what 
amount  will  be  due  Feb.  12, 1895,  at  7^^? 

45.  If  a  loan  of  ^3155.49  is  made  Aug.  15,  1888,  at  6%, 
what  amount  will  be  due  May  1,  1896,  no  interest  having  been 
paid? 

46.  How  much  IS  the  interest  on  a  note  for  $  257.81,  dated 
March  1, 1891,  and  payable  July  16, 1893,  at  7%? 

47.  A  person  borrows  $3754.45,  being  the  property  of  a 
minor  who  is  15  yr.  3  mo.  20  da  old.  He  retains  it  until  the 
owner  is  21  years  old.  How  much  money  will  then  be  due  at 
6%  simple  interest? 

48.  If  a  person  borrows  $  7500  at  the  legal  rate  in  Boston 
and  lends  it  in  Wyoming,  how  much  will  he  gain  in  a  year  ? 

40.  A  man  sold  a  piece  of  property  for  $  11320 ;  the  terms 
were  $3200  in  cash  on  delivery,  $3500  in  6  mo.,  $2500  in  10 
mo.,  and  the  remainder  in  1  yr.  3  ma,  with  7%  interest 
What  was  the  whole  amount  to  be  paid  ? 

50.  If  a  man  borrows  $15000  in  Idaho,  and  lends  it  in  New 
York,  how  much  will  he  lose  in  146  days  ? 

51.  Hubbard  &  Northrop  bought  bills  of  dry  goods  of 
Bowen,  McNamee  &  Ca,  New  York,  as  follows:  July  15, 
1895,  $1250;  Oct  4, 1895,  $  3540.84 ;  Dec.  1, 1895,  $575;  and 
Jan.  24,  1896,  $  816.90.  They  bought  on  time,  paying  legal 
interest  How  much  was  the  whole  amount  of  their  indebted- 
ness, March  1, 1896  ? 

58.  Mr.  Gordon  bonght  a  piece  of  property  of  Mr.  Hilton 
on  Jan.  1, 1896  for  $  2870,  and  agreed  to  pay  for  it  in  1  yr. 
6  ma,  with  interest  at  6^%.  How  much  was  due  Mr.  Hilton 
on  July  1, 1897  ? 


ST 
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63.  A  broker  allows  6%  per  annum  on  all  moneys  deposited 
with  him.  If  on  an  average  he  lends  out  every  $  100  received 
on  deposit  11  times  during  the  year,  for  33  days  each  time  at 
2^  a  month,  how  much  does  he  gain  by  interest  on  $  1000  ? 

64.  A  man  engaged  in  business  with  a  capital  of  9  21840,  is 
making  12^  %  per  annum  on  his  capital ;  but  on  account  of  ill 
health  he  quits  his  business,  and  loans  his  money  at  7|%. 
How  much  does  he  lose  in  2  yr.  6  mo.  10  da.  by  the  change  ? 

56.  A  speculator  wishing  to  purchase  a  tract  of  land  con- 
taining 450  acres  at  9  27.50  an  acre,  borrows  the  money  at  5^%. 
At  the  end  of  4  yr.  11  mo.  20  da.  he  sells  {  of  the  land  at  ^34 
an  acre,  and  the  remainder  at  $32.55  an  acre.  How  much 
does  he  lose  by  the  transaction  ? 

630.  Given,  the  time,  rate  per  cent,  and  interest,  to  find  the 
principal  and  amount. 

1.  What  sum  of  money  will  produce  $87.42  interest  in  4 
years,  at  6%,  and  what  will  be  the  amount? 

OPERATION.  SoLUTioif .  —  Since 

9  .24,  Int.  of  $  1  for  4  yr.  at  6  %.  $^  is  the  interest  of 

$87.42  -h  .24  =  $36425,  Prin.  >  ^87  42  must  be  the 

$  364.25  4-  $  87.42  =  $  451.67,  Amt.  J  ^^'  interest  of  as  many 

dollars,  for  the  same 
time  and  at  the  same  rate,  as  $  .24  is  contained  times  in  f  87.42.  Dt Tiding, 
we  obtain  $  364.25,  the  required  principal,  and  adding  tiie  principal  and 
interest  we  obtain  the  amount,  f  451.67. 

Rule.  —  I.  Divide  tJie  given  interest  by  the  interest  of  $1  for 
the  given  time  at  tlie  given  rate.     The  result  will  be  the  principal, 

II.   Add  the  principal  and  interest  to  find  the  amount, 

2.  What  sum  of  money,  invested  at  6J%,  will  produce 
$  279.825  in  1  yr.  6  mo.  ? 

3.  What  sum  will  produce  $  63.75  interest  in  6  mo.  24  da. 

at7i%? 

4.  What  sum  of  money  will  i^iod^ce  $  12\  interest  in  10 
days  at  10%  ? 
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6.   What  sum  must  be  invested  in  real  estate  paying  12^% 
profit  in  rents,  to  give  an  income  of  $  3125  ? 

6.  What  is  the  value  of  a  house  and  lot  that  pays  a  profit 
of  9^%  by  renting  it  at  $  30  per  month  ? 

7.  What  sum  must  be  invested  in  real  estate  yielding  S% 
profit  to  produce  an  income  of  $  5615  ? 

8.  What  sum  of  money,  put  at  interest  for  6  yr.  5  mo.  11  da., 
at  7%,  will  gain  » 3159.14? 

631.   Given,  the  time,  rate  per  cent,  and  amount,  to  find  the 
principal  and  interest. 

1.  What  sum  of  money  in  2  years  6  months,  at  7  %,  will 
amount  to  $  136.535,  and  what  will  be  the  interest  ? 

OPERATION.  Solution. — 

$  1.175,  Amt.  of  $  1  for  2  yr.  6  mo.  at  7  %.  Since  $1,175  is  the 

9 136.635  -h  1.175  =  $  116.20,  Prin.       )    .  *"»^^°^  ^^  ^  ^  ^«'' 

» 136.535 -» 116.20  =  $  20.335,  Int.    i '^'^'  '/'y^^^Ss 

must  be  the  amount  of  as  many  dollars,  for  the  same  time  and  at  the 
same  rate,  as  1.175  is  contained  times  in  ^ISCSSd.  Dividing,  we  ob- 
tain f  116.20,  the  required  principal,  and  subtracting  this  principal  from 
the  amount  we  obtain  $20,335,  the  interest 

KuLE.  —  I.   Divide  the  given  amount  by  the  amount  of  $1  for 
the  given  time  at  the  given  rale  to  find  the  principal. 

n.   Subtract  the  principal  from  the  amount  to  find  the  interest, 

KoTB.  —  Ab  the  amoant  of  $1  Is  always  expressed  by  the  same  naniber  as  1  +  the  rate 
Ibr  the  fliTen  Ume,  we  may  divide  the  amount  by  1  +  the  rate  by  the  time,  /.«.,  pes  a 

+  (l+rxO(S«M). 

2.  What  principal  in  2  yr.  3  mo.  10  da.,  at  5  per  cent,  will 
amount  to  $  1893.61^  ? 

3.  What  sum  put  at  interest  at  3^  %  for  10  yr.  2  mo.,  will 
amount  to  9 15660  ? 

•4.  What  is  the  interest  of  that  sum  for  2  yr.  8  mo.  29  da., 
at  7  %,  which  at  the  same  time  and  rate,  will  amount  to 
$  1568.97  ? 

6.   If  the  time  is  3  yr.,   the  rate  4%,  and  the  amount 
$31826.40,  &nd  the  interest. 
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6.  What  is  the  interest  of  that  sum  for  243  days  at 
8%,  which  at  the  same  time  suid  rate^  will  amount  to 
$  11119.70  ? 

7.  What  sum  put  at  interest  at  5^  %  for  8  yr.  5  ma,  will 
amount  to  $  1897.545  ? 

8.  What  sum  of  money  put  at  interest  at  4  %  for  3  yr.  6 
ma  18  da.,  will  amount  to  $  31119.50  ? 

632.  Given,  the  principal,  time,  and  interest,  to  find  the  rate 
per  cent. 

1.  I  received  9  315  for  3  years'  interest  on  a  mortgage  of 
$  1500.    What  was  the  rate  per  cent  ? 

S15  00  ^**"*^"^''*  SoLUTiow.— Since  $45  is  the  in- 
;|^  lO.UU  terest  on  the  mortgage  for  3  years  at 
3                                           1  per  cent,  $316  must  be  the  in- 


$  45.00,  Int.  for  3  yr.  at  1  %.    terest  on  the  mortgage  for  the  same 

«316  +  » 45  =  7 ;  7%  Ans.         ^*«°:'  »',  ^  many  times  1  per  cent 

'      '  as  $45  is  contained  times  m  $315. 

Diyiding,  we  obtain  7,  the  required  rate  per  cent. 

Rule.  —  Divide  the  given  interest  by  the  interest  on  the  prinr 
dpcU  for  the  given  time  cU  1  per  cent, 

2.  If  I  loan  $750  at  simple  interest,  and  at  the  end  of 
1  yr.  3  mo.  receive  $  796.87^,  what  is  the  rate  per  cent  ? 

3.  If  I  pay  $  10.58  for  the  use  of  $  1700  for  28  days,  what 
is  the  rate  of  interest  ? 

4.  I  borrowed  $  600,  and  at  the  end  of  9  yr.  6  ma  returned 
$  856.50.    What  was  the  rate  per  cent  ? 

5.  A  man  invests  $7266.28,  which  gives  him  an  annual 
income  of  $  744.7937.     What  rate  of  interest  does  he  receive  ? 

6.  If  C  buys  stock  at  70,  and  every  6  months  receives  a 
dividend  of  4%,  what  annual  rate  of  interest  does  he  received 

7.  At  what  rate  per  annum  of  simple  interest  will  any  sum 
of  money  double  itself  in  4,  6,  8,  and  10  years,  respectively  ? 

BueoESTioN .  —  To  double  ttMlf  a  sum  must  gain  100 %.    At  1  %  IntUMt  It  vonld  t»k« 
100  years  to  gain  100%,  at  4%  it  would  take  100 -t-  4« S5  yoara,  ate. 
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8.  At  what  rate  per  annum  of  simple  interest  will  any  sum 
treble  itself  in  2,  5,  7, 12,  and  20  years  respectively  ? 

BFOonno!!. — To  treble  itself  a  sun  most  gain  900%. 

9.  A  house  that  rents  for  $  760.50  per  annum,  cost  $7800. 
What  per  cent  does  it  pay  on  the  investment  ? 

633.  (Hyen  the  principal,  rate  per  cent,  and  interest,  to  find 
the  time. 

1.   In  what  time  will  9  924  gain  $  151.536,  at  6%  ? 

orBRATiON,  SoLUTioK.  —  Siac«  $  56.44 

9  924  is  the  interest  of  $i)24  for  1 

05  year  at  6%,  $161,636  must 

be  the  interest  of  the  same 


9  55.44,  Int.  of  9  924  for  1  yr.  at  6%.    sum,  at  the  same  rate,  for  as 
$  151 .536  -8-  $  55.44  =  2.73f  many  years  as  «  65.44  is  con- 

2.734  yr.  ==  2  yr.  8  mo.  24  da.  Am,       ^^^  Z^*!,'":  *  ^^^'^' 
^  ^  ^  which  is  2. 78  J  times.     Re- 

ducing the  mixed  decimal  to  its  equivalent  compound  number  we  have 
2  yr.  8  mo.  24  da.,  the  required  time. 

EuLE.  —  Divide  the  given  interest  by  the  ijUerest  on  the  prin- 
cipod  Jbr  1  year  ;  the  qtwtient  wiU  be  the  required  time  in  years 
and  decinujUs. 

2.  In  what  time  will  $273.51  amount  to  $312,864,  at  7%  ? 

3.  How  long  must  $650.82  be  on  interest  to  amount  to 
9  761.44,  at  5%  ? 

4.  How  long  must  $204  be  on  interest  to  amount  to 
$217.09,  at  7%  ? 

6.  How  long  may  I  borrow  $  750,  with  interest  at  6%,  so 
that  it  may  amount  to  $  942  ? 

6.  How  long  will  it  take  any  sum  of  money  to  double  itself 
by  simple  interest  at  3,  4^  6,  7,  and  10%  ?  How  long  to 
quadruple  itself? 

SvooMTioif.  —  At  8%  A  turn  will  gsAln  100%  In  100-f- 8  ^ 88^  yean. 

7.  In  what  time  will  $  9750  produce  $  780  interest  at  12%  ? 

8.  Mr.  Cook  loaned  $1600  at  6%  until  it  amounted  to 
$  2000.    What  was  the  time  ? 

9.  I  borrowed  $2250  of  a  friend  at  5%,  and  kept  it  until 
it  amounted  to  $  2643.75.    When  did  I  repay  the  debt  ? 
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634.  When  money  is  loaned  for  more  than  one  year,  the 
interest  is  usually  made  payable  annually  or  semiannually  by 
the  terms  of  the  contract.  If  a  contract  reads  "  with  interest 
pay(Me  annitaUy  "  and  the  interest  is  not  paid  when  due,  some 
states  allow  the  creditors  to  collect  simple  interest  on  each 
year's  interest  from  the  time  it  is  due  to  the  date  of  settlement 

635.  Annual  Interest  is  the  process  of  computing  simple 
interest  on  the  principal  and  on  each  year's  interest  not  paid 
when  due. 

NoTB.  —1.  The  tenn  anniuU  inUrett  is  used  for  Mai  inter wi  Indndlnff  Btmple  Intermt 
and  interest  on  unpaid  interest,  and  also  in  another  sense  to  indicate  yearly  interest,  «.«. 
the  interest  due  at  the  end  of  each  year.    (See  p.  879,  line  IS.) 

9.  The  int.  on  the  unpaid  int.  must  be  so  compated  as  not  to  increase  the  orfgiasl  prtn- 
oipal.    This  is  the  difference  between  total  annual  int.  and  eompoand  int.  (|  687). 

Examples. 

636.  To  find  Interesti  payable  annually. 

1.  Find  the  interest  and  amount  of  %  8000  for  5  yr.,  at  6  %, 
interest  payable  annually. 

OPEBATION. 

Int.  of  $  8000  for  1  yr.  at  6  %  =  $480. 

"     «  $  8000  for  5  yr.  at  6  %  =  *  2400. 

«     "  $  480  for  10  yr.  at  6  %  =  $  288. 
%  2400  +  *  288    =  $  2688,  Total  Ann.  Int.    ) 
$  8000  +  $  2688  =  $  10688,  Amount  ]"  ^"** 

Solution,  —llie  interest  on  f  8000  for  1  yr.  at  6%  is  9480,  ani  for  5 
yr.  it  is  $2400. 

The  interest  for  the  first  year,  remaining  unpaid,  draws  interest  for  4 
yr.  ;  that  for  the  second  year,  for  3  yr.  ;  that  for  the  third  year,  for  2 
yr. ;  and  that  for  the  fourth  year,  for  1  yr.,  the  sum  of  which  is  equal  to 
the  interest  of  $  480  for  4  yr.  +  3  yr.  +  2  yr.  +  1  yr.  =  10  yr. ;  and  the 
interest  of  $480  at  6%  for  10  yr.  is  $288.  Hence  the  total  interest  is 
$  2400  +  $  288,  or  $  2688,  and  the  amount  is  $  10688. 

Rule.  —  I.  Compute  the  interest  on  the  principal  for  the  given 
time  and  rate,  to  which  add  tlie  interest  on  each  yeafs  interest  for 
the  time  it  has  remained  unpaid. 
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II.  To  obtain  the  latter,  when  Hie  interest  has  remained  unpaid 
for  a  number  of  years,  multiply  the  interest  for  one  year  by  the 
product  of  the  number  of  years  and  Iwilf  thai  number  diminished 
by  one. 

Thus,  if  the  time  is  9  yr.,  the  interest  for  1  yr.  should  he  multiplied  hy 
9  X  (9  —  1)  -^  2,  or  9  X  4  =  36.  Since  the  interest  for  the  first  year 
draws  8  years*  interest,  that  for  the  second  7  years*  interest,  etc.,  the  sum 
of  the  series  8  +  7  +  fl  +  6  +  4  +  3  +  2  +  lis36. 

2.  What  is  the  total  interest  of  %  1500  for  4  yr.  at  7%,  pay- 
able annually  ? 

3.  What  will  $3500  amount  to  in  10  yr.,  with  interest 
annually,  at  8  %  ? 

4.  What  is  the  difference  between  the  simple  interest  of 
$  2500  for  6  yr.  at  6  %,  and  the  interest  if  payable  annually  ? 

6.   Find  the  amount  of  $  575,  at  8%  annual  int.,  for  9  yr. 

6.  Find  the  amount  of  $2300  for  3  yr.  5  mo.  18  da.,  at  8%, 
with  interest  payable  annually. 

7.  Find  the  amount  of  $1800  for  6  yr.,  at  6%,  with 
interest  payable  annually. 

8.  What  is  the  difference  between  the  simple  interest  of 
$  1800  for  5  yr.  8  mo.,  at  5  %,  and  the  interest  if  payable 
annually? 

9.  Find  the  total  interest  and  the  amount  of  $  10000  for 

3  yr.  6  mo.,  at  8%,  payable  annually. 

10.  Find  the  amount  of  $  3420  for  6  yr.  6  mo.,  at  6  %,  with 
interest  annually. 

11.  Find  the  total  interest  and  the  amount  of  $850  for 

4  yr.  2  mo.,  at  7  %,  with  interest  annually. 

12.  What  is  the  difference  between  the  total  interest  payable 
annually  and  the  simple  interest  of  $5600  for  4  yr.  3  mo. 
15  da.,  at  6  %  ? 

13.  What  is  the  interest  of  $  10000  for  3  yr.  5  mo.  10  da., 
at  6%,  payable  annually  ?  What  is  the  simple  interest  ? 
What  is  the  difference  between  the  former  and  the  latter  ? 


\ 
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C0MP0U9D  IHTSR£ST. 

637.  Compoottd  Interest  is  interest  on  both  piincipid  and 
interest,  when  the  interest  is  not  paid  when  due. 

Nom.  -^  1.  Ttae  aimple  lotorest  mmy  be  added  to  the  principel  •amially,  aemiuiBiBrily, 
or  quarterly,  as  the  jMurtleB  may  agree ;  but  the  taking  of  oompomid  tnterest  la  oot  kgaL 

8.  En  annual  inUrMl  the  addlttonal  Int.  ta  computed  only  on  the  unpaid  simple  Int. ; 
biii  In  tomptnmd  interaat  the  prtndpal  to  tncreaaed  at  the  end  «r  eaeh  laterra]  by  aD  the 
interest  accrued  during  that  inter^aL    Henoe  compouiid  int.  is  more  man  annual  int. 

638.  The  problems  in  compound  interest  are  the  same  as 
those  in  simple  interest  (§  621). 

I.  Given  the  principal,  rate,  and  Ume,  to  find  the  compound  interest 
and  amount    (§  622). 

II.  Given  Uie  time,  rate,  and  compound  interest,  to  find  the  principal 
and  anioimt    (§  630). 

III.  Given  the  time,  rate,  and  amount,  to  find  the  principal  and  com- 
pound interest    (§  681). 

IV.  Given  the  principal,  time,  and  compound  interest  or  amount,  to 
find  the  rate    (§682). 

V.  Given  the  {x-iiicipal  and  rate,  and  eompound  interest  or  amount, 
to  find  the  time    (§633). 

Ezamplas. 

639.  Given  the  principal,  rate,  and  time,  to  find  the  compound 
interest  and  amount. 

1.  What  is  the  compound  interest  of  $640  for  4  years 
at  5%? 

FIRST  OPERATION. 

$640  Principal  for  1st  year. 

$  640  X  1.05  =  $672  "  "    2d       « 

$  672  X  1.05  =:  $  705.60  "  "    3d       « 

$  705.60  X  1.05  =  $  740.88         "  "    4th     « 

$  740.88  X  1.05  =  $  777.92  Amount     «    4  years, 

640.  Given  Principal. 

$  137.92  Compound  Interest    Ans, 

SECOND  OPERATION. 

1.05  X  1.05  X  1.05  X  1.05  =  1.2155. 
$640  X  1.2155  =  $  777.92  Amount  for  4  years. 

640.00  Principal. 
$  137.92  Compound  Interest  Ans. 
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Solution.  — The  amount  for  the  fiivt  year  will  be  105%  of  the  princi- 
pal ;  for  the  second  year,  106%  of  this  result ;  for  the  third  year,  105%  of 
the  amount  for  the  second  year ;  and  for  the  fourth  year,  105%  of  the 
amount  for  the  third  year.  The  amount  for  the  fourth  year  will  there- 
fore be  1.05  X  1.05  x  1.05  x  1.05  =  1.2155  of  the  principal;  $640  x 
1.2155  =  f  777.02.  Subtracting  the  principal  from  this  amount,  we  find 
the  compound  interest  to  be  f  137.92. 

Bulk.  —  I.  Find  the  amount  of  the  given  principal  cU  the 
given  rate  for  one  interval,  and  make  it  the  principal  for 
the  second  intervoL 

II.  Find  the  amount  of  this  new  principal,  and  make  it  the 
principal  for  the  third  interval^  and  so  continue  for  the  given 
number  of  intervals, 

III.  Subtract  the  given  principal  from  the  last  amount;  the 
remainder  will  be  the  compound  interest    Or^ 

I.  Find  the  amount  for  the  given  time  expressed  in  per  cent,  and 
take  this  per  cent  of  the  principaL     The  result  will  be  the  amounL 

II.  Subtract  the  principal  from  this  amount  to  find  the  com- 
pound interest 

Nora.— Bj  the  um  of  the  com  pound  infeereet  table  on  pp.  870, 871,  the  second  method  may 
be  greatly  mbbre^bted.  When  the  interest  is  payable  semlannnally  or  quarterly.  And  the 
amoant  of  the  given  principal  for  the  first  Intenral,  and  make  it  the  principal  for  the  second 
interval,  proceeding  in  all  respects  as  when  the  interest  is  payable  yeariy.  When  the  time 
contains  years,  months,  and  days,  find  the  amount  for  the  years,  upon  which  compute  the 
interest  for  the  months  and  days,  and  add  it  to  the  last  amoant,  before  subtracting. 

2.   What  is  the  amount  of  ^300  for  4  years  at  6%  com- 
pound interest,  payable  semiannually  ? 

OPBSATION.  SoLCTiox.  — The  amount  of  $  1  at  G%,  comp.  int.  pay- 

$  1.26677  ft^^o  semiaunually,  is  the  same  as  the  amount  of  f  1  at 

OQQ      3%,  payable  annually  for  twice  as  many  years.     We 

therefore  take,  from  the  table,  the  amount  of  $  1  for  8  yr. 

%  380.031  Ans,  ^  3%,  and  multiply  this  amt.  by  the  given  principal. 

'  Find  the  compound  interest  and  amount  of : 

3.   $750,  4yr.,  6%.  4.   $250,  3  yr.,  7%. 

6.   $376,  3  yr.  8  mo.  15  di.,  6%. 

6.  $1475.50,  2\  yr.,  7%,  compounded  semiannually. 

7.  $  1840, 1  yr.  10  mo.  20  da.,  8%,  compounded  quarterly. 

8.  What  is  the  amount  of  $  536.75  for  12  yr.,  at  8%,  com- 
pound interest  ? 
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Amount  of  f  1  at  Compound  Interest  in  ant  number  of  teaks, 

NOT   EXCEEDING    FIFTT-FIVE. 


Yr. 

8  per  cent 

8}  per  cent. 

8  per  cent. 

f  i  per  cent. 

4  percent. 

4^  per  cent 

1 

1.0200  0000 

1.0260  0000 

1.0600  0000 

1.0850  0000 

1.0100  0000 

1.0450  0000 

9 

1.0404  0000 

1.0506  2500 

1.0609.0000 

1.0718  8600 

1.0616  OOUU 

1.0996  8800 

S 

1.0613  0800 

1.0768  9068 

1.0927  2700 

1.1087  17S7 

1.1248  6400 

1.1411  6618 

4 

1.0884  8816 

1.1088  1889 

1.1866  0881 

1.1476  8800 

1.1698  5B56 

1.1985  1860 

0 

1.1040  8080 

1.1814  0881 

1.1698  7407 

1.1876  8681 

1.8166  6890 

1.8461  6194 

6 

1.1261  6249 

1.1506  9848 

1.W0  6880 

1.8898  6688 

1.9668  1902 

1JM>88  6918 

7 

1.1486  8667 

1.1886  8676 

1.8298  7887 

1.8788  7926 

1.8169  8178 

1JM06  6168 

8 

1.1716  6088 

1.2184  0290 

1.2667  7iH)6 

1.8168  0904 

1.8686  6906 

1.4881  0061 

9 

1.1960  9267 

1.2488  6297 

1.8047  7818 

1.8688  0786 

1.4288  1181 

1.4860  9614 

10 

1.8188  9448 

1.2800  8454 

1.8489  1688 

1.4105  9676 

1.4808  442S 

1.6689  6948 

11 

1.84S8  7481 

1.8180  8666 

1.8842  8887 

1.4699  6978 

1.6894  6406 

1.0888  6906 

12 

1.2682  4179 

1.8443  8S82 

1.4267  6(t89 

1.5110  6866 

1.6010  8222 

1.6986  8148 

18 

1.2986  06(» 

1.87b6  1104 

1.4686  8871 

1.5689  56116 

1.6600  7861 

1.7781  9610 

14 

1.81M  7676 

1.4129  7888 

1.5126  8978 

1.6186  9468 

1.7816  7645 

1.8519  4498 

16 

1.8468  6884 

1.4488  9817 

1.6619  6748 

1.6766  4888 

1.8009  4861 

1.9868  8244 

16 

1.8727  8670 

1.4846  06tt 

1.6047  0644 

1.7889  8604 

1.8789  8185 

8.0888  7016 

17 

1.4002  4142 

1.6216  1826 

1.6«»  4768 

1.7946  7666 

1.9479  0000 

8.1188  7681 

18 

1.4282  4626 

1.6606  6872 

1.7084  8806 

1.8674  8990 

8.0866  1662 

8.8084  78n 

19 

1.4668  1117 

1.6086  5019 

1.7Q86  0606 

1.9826  0188 

8.1068  4918 

8.8078  61181 

90 

1.4dfi9  4740 
1.6156  6684 

1.6886  1644 
1.6796  8186 

1.8061  1188 

1.9887  8886 
8.0694  8147 

8.1911  8814 
8.8787  6S07 

8.4117  1408 

91 

1.8608  9467 

2.5808  4116 

98 

1.M60  7067 

1.7816  7140 

1.9161  0841 

8.1816  1166 

8.8699  1879 

8.6886  8801 

98 

1.5768  9086 

1.7646  1068 

1.9786  8661 

8.8061  1448 

8.4647  1556 

8.7581  6686 

94 

1.60d4  8725 

1.8087  8S06 

8.0887  9411 

8.»«8  8849 

8.5688  0417 

8.8760  1868 

95 

1.6406  0a09 

1.8589  4410 

8.0887  7798 

8.8688  4498 

8.6656  8688 

8.0054  8446 

96 

1.6784  1811 

1.9008  9270 

8.1565  9187 

8.4469  6866 

8.7784  6979 

8.1406  7901 

97 

1.7068  8648 

1.9478  0008 

8.8818  8901 

8.6815  6711 

8.8888  6658 

8.8880  0966 

98 

1.7410  2421 

1.9964  9608 

8.8879  8678 

8.6808  7196 

8.9987  0688 

8.4896  9999 

99 

1.7768  4469 

8.0464  0789 

8.8A65  6661 

8.7118  7798 

8.1186  6146 

8.6840  8648 

80 

1.6118  6168 

8.0976  6768 

8.4278  6847 

2.8067  9870 

8.8488  9761 

8.7466  1818 

81 

1.8476  R889 

8.1600  oen 

9.6000  8086 

9.9060  8148 

8.8781  8841 

8.9188  6746 

89 

1.8(^6  4060 

2.2087  6694 

8.6750  8276 

8.0067  0769 

8.5080  6875 

4.0899  8104 

98 

1.9222  8140 

2.8688  6066 

8.6688  8684 

8.1119  4885 

8.6488  8110 

4.2740  8018 

84 

1.9606  76()8 

2.3158  2218 

8.7819  0680 

8.8808  0088 

8.7948  1684 

4.4668  6154 

86 

1.9998  8056 

2.8782  0619 

8.8188  8245 

8.8886  9046 

8.9460  8899 

4.6678  4781 

86 

8.0898  8784 

2.4886  8688 

8.89S8  7838 

8.4608  6611 

4.1089  8855 

4.8778  7846 

87 

8.0806  8609 

8.4988  4870 

8.9868  8668 

8.6710  8648 

4.8680  8986 

6.0968  6049 

88 

8.1222  9679 

8.6666  8848 

8.0747  884^ 

8.6960  1188 

4.4888  1845 

5.8968  1921 

89 

2.1647  4477 

8.6196  7448 

8.1670  8696 

8.8868  7171 

4.6168  6699 

5JWflA9906 

40 

8.80S0  8966 

8.6860  6884 

8.2620  8779 

8.9698  6979 

4.8010  8068 

5.8168  6464 

41 

9.8688  0046 

8.7681  9018 

8.8698  9898 

4.0978  8881 

4.9980  6146 

6.0781  0094 

48 

8.2972  4447 

2.8200  9520 

8.4606  9589 

4.2418  5799 

6.1987  8891 

6.8516  1648 

48 

2.84S1  8»i6 

2.8916  8008 

8.5646  1677 

4.8897  0908 

6.4004  9087 

6.6874  8818 

44 

2.8»H)  6814 

8.9638  0608 

8.6714  5227 

4.5138  4160 

6.6166  1508 

6.9861  8890 

46 

8.4878  5481 

8.0879  0828 

8.7816  9584 

4.7088  6856 

5.8411  7668 

7.8488  4848 

• 

46 

8.4866  1189 

8.1188  6086 

8.8950  4878 

4.8669  4110 

6.0T48  8871 

7.5744  1961 

47 

8.6863  4861 

8.1916  9718 

4.0118  9503 

5.0378  8404 

6.8178  1568 

7.9152  6849 

48 

8.6870  7089 

8.8714  8956 

4.1322  5188 

5.2186  8898 

6.5706  8884 

8.8714  6657 

49 

8.6»»S  1179 

8.8588  7680 

4.2568  1944 

5.8960  6459 

6.8888  4937 

8.6486  7107 

60 

8.6916  8808 

8.4871  0872 

4.8839  0608 

5.6849  8686 

7.1066  8886 

9.0686  8687 

61 

8.7464  1979 

8.6880  8644 

4.5151  8880 

5.7808  9930 

7.8909  606R 

9.4891  0490 

62 

2.8008  2819 

8.6111  1836 

4.6508  8690 

6.9827  1827 

7.6865  8871 

9.8688  6468 

63 

2.H568  8476 

8.7018  9016 

4.7904  1247 

6.1921  0824 

7.9940  5886 

10.8077  8868 

64 

9.9184  6144 

8.7989  2491 

4.9841  84.S5 

6.4088  82(»8 

8.8188  1485 

10.7716  8677 

«; 

i.97n  am 

8.S8S7  78U8 

5.0S21  4889 

e.6881  4114 

S.6468  6698 

11.8668  0617 
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AMourr  of  f  I  at  Compound  Intbsbst  iic  ant  nuubbb  or  tbabb, 

NOT   BXGEBDING    FIFTY-FIVE. 


Yr. 

6  per  cent 

6  per  cent. 

7  per  cent. 

8  per  cent 

9  per  cent. 

10  pet*  cent. 

1 

l.OOOOOOO 

1.0600  000 

1.0700  000 

1.0800  000 

1.0900  000 

1.1000  000 

2 

1.1025  000 

1.1286  OUO 

1.1449  000 

1.1664  000 

1.1861  000 

1.2100  000 

S 

1.1570  960 

1.1910  160 

1.2260  480 

1.2697  120 

1.2950  290 

1.8810  000 

4 

1.9105  008 

1.2624  770 

1.8107  960 

1.8604  S90 

1.4115  816 

1.4641  000 

5 

1.2702  816 

1.8882  266 

1.4025  617 

1.4698  281 

1.5886  240 

1.6105  100 

« 

1.8400  956 

1.4185  191 

1.6007  804 

1.5868  748 

1.6771  001 

l.ni6  610 

1 

1.4071  004 

1.5086  8U6 

1.6057  815 

1.7188  248 

1.8280  891 

1.9487  171 

8 

1.4774  564 

1.0088  481 

1.7181  862 

1.8609  802 

1.9925  626 

9.1486  888 

9 

1.6618  282 

1.6694  790 

1.8884  602 

1.9990  046 

2.1718  988 

2.8679  477 

10 

1.0288  946 

1.7908  477 

1.9671  514 

2.1689  250 

2.8678  687 

2.6067  425 

11 

1.7108  804 

1.8982  986 

2.1048  520 

9.8816  890 

2.5804  264 

2.8681  167 

13 

1.7958  668 

2.0121  966 

2.2681  916 

2.6161  701 

2.6126  648 

8.1884  284 

18 

1.8866  491 

2.1329  288 

2.4098  460 

2.7196  287 

8.0668  046 

8.4622  712 

14 

1.9799  816 

2.2609  040 

2.6786  842 

2.9871  986 

8.8417  270 

8.7974  988 

15 

9.0789  282 

2.8966  662 

2.7S00  815 

8.1721  601 

8.6424  825 

4.1772  482 

U 

2.1828  746 

2.5M8  517 

2.9521  688 

8.4250  426 

8.9708  069 

4.5049  780 

17 

2.S920  188 

2.6927  728 

8.1688  162 

8.7000  181 

4.82T6  884 

5.0544  708 

18 

2.4066  192 

9.8548  892 

8.8799  828 

8.9960  195 

4.7171  204 

5.5599  178 

19 

2.5260  602 

b.0256  995 

8.6165  276 

4.8167  Oil 

6.1416  618 

6.1159  090 

SO 

2.6682  977 

8.2071  866 

8.8696  845 

4.6609  571 

5.6044  108 

6.7275  000 

SI 

2.7860  626 

8.8995  686 

4.1406  624 

5.0888  887 

6.1088  077 

7.4002  499 

M 

2.9262  607 

8.6086  874 

4.4804  017 

5.4866  404 

6.6686  004 

8.1402  749 

S8 

8.0715  288 

8.8197  497 

4.7406  299 

5.8714  687 

7.2678  745 

8.9548  024 

U 

8.2260  999 

4.0480  846 

6.0728  670 

6.8411  807 

7.9110  882 

9.8497  827 

S5 

8.8S68  549 

4.2918  707 

6.4274  826 

6.8484  752 

8.6280  807 

10.8847  069 

M 

8.5556  727 

4.5408  880 

6.8078  529 

7.8968  682 

9.8991  579 

11.9181  765 

27 

8.7884  668 

4.8228  460 

6.2188  676 

7.9SSO  615 

10.2460  821 

18.1099  942 

S8 

8.9201  291 

6.1116  867 

6.6488  884 

8.6271  064 

11.1671  896 

14.4209  986 

80 

4.1161  856 

6.4188  879 

7.1142  571 

9.8172  749 

12.1721  821 

15.8680  980 

80 

4.8219  424 

5.7484  912 

7.6122  660 

10.0626  569 

18.2676  765 

17.4494  028 

81 

4.6880  895 

6.0881  006 

8.1451  129 

10.8676  694 

14.4617  695 

19.1948  426 

88 

4.7649  415 

6.4688  867 

8.7162  708 

11.7870  880 

36.7688  288 

21.1187  768 

88 

5.0081  S85 

6.8405  899 

9.8258  898 

12.6760  496 

17.1820  284 

28.2261  544 

84 

5.2688  480 

7.2610  268 

9.9781  186 

18.6901  886 

18.7284  109 

26.6476  699 

86 

5.5160  154 

7.6860  868 

10.6766  616 

14.7668  448 

20.4189  679 

28.1024  869 

86 

5.7918  161 

8.1472  620 

11.4289  422 

16.9681  718 

22.2612  260 

80.9126  806 

87 

6.0814  069 

8.6860  871 

12.2286  181 

17.2456  256 

24.2688  868 

84.0089  486 

88 

6.8854  778 

9.1542  624 

18.0792  714 

18.6262  766 

26.4806  605 

87.4048  APA 

80 

6.7047  612 

9.7086  075 

18.9948  204 

20.1152  9n 

28.8169  817 

41.1447  778 

40 

7.0889  887 

10.2867  179 

14.9744  678 

21.7216  215 

81.4094  200 

45.2692  666 

41 

7.8919  882 

10.9028  610 

16.0226  699 

28.4624  882 

84.2862  679 

49.7661  811 

49 

7.7616  876 

11.5570  827 

17.1442  668 

26.8894  819 

87.8175  820 

54.7686  992 

48 

8.1496  660 

12.2504  616 

18.8448  548 

27.8666  404 

40.6761  098 

60.2400  692 

44 

8.6671  60S 

12.9864  819 

19.6284  606 

29.5660  717 

44.8869  607 

66.2640  761 

45 

8.9860  078 

18.7646  108 

21.0024  618 

81.9204  494 

48.8272  861 

72.8904  887 

46 

9.4842  582 

14.5004  875 

22.4726  284 

84.4740  868 

52.6767  419 

80.1795  821 

47 

9.9069  711 

16.4669  167 

24.0467  070 
26.7JI9  066 

87.2320  122 

67.4176  486 

88.1974  868 

48 

10.4012  697 

16.8988  717 

40.2106  781 

62.6852  870 

97.0172  888 

40 

10.9218  881 

17.8775  040 

27.5299  800 

48.4274  190 

68.2179  088 

106.7189  672 

50 

11.4678  998 

18.4201  648 

20.4670  251 

46.9016  126 

74.8575  201 

117.8906  629 

61 

12.0407  69S 

19.6268  686 

81.6190  16$ 

50.6687  415 

81.0496  969 

129.1299  862 

60 

12.6426  088 

20.6968  801 

88.7268  4m 

54.7060  408 

88.8441  696 

142.0429  820 

68 

18.2749  487 

21.9886  985 

86.0861  224 

60.0625  241 

96.2961  449 

166.2472  252 

64 

18.9886  961 

28.2660  204 

88.6121  609 

63.8091  260 

104.9617  079 

171.8719  477 

66 

14.6866  809 

24.6608  216 

41.8150  015 

68.9188  561 

114.4082  616 

189.0691  425 

\ 


\ 


872  "         INTEREST. 

640.  Given  the  time,  rate,  and  compound  interest,  to  find  the 
principal  and  amount. 

1.   What  priucipaJ  at  2%   compound  interest  will  gain 
%  1090.80  in  2  years,  and  what  will  be  the  amount  ? 

OPERATION. 

$  1.0404   -  $  1  =  *  .0404,  Comp.  Int.  *  1  for  2  yr.  at  2% 

%  1090.80  ^  .0404        =  9  27000,  Prin.       )    . 
%  27000    +  %  1090.80  =  %  28090.80,  Amt.  \ 

Solution.  —  By  the  table  we  find  the  amount  of  $  1  for  2  yr.  at  2  %  to 
be  $  1.0404,  hence  the  compound  interest  for  $  1  is  $  .0404,  and  $  1090.80 
is  the  compound  interest  of  as  many  dollars  as  .0404  is  contained  times 
in  %  1000.80.    The  amount  is  the  principal  plus  the  interest. 

Rule.  —  I.  Divide  the  given  compound  interest  by  the  compound 
interest  of  ^1  for  the  given  rale;  the  result  will  be  the  principaL 

II.   Add  tlie  principal  and  compound  interest  to  find  the  amount. 

What  principal  at  compound  interest  will  gain : 

2.   $  5314.80  in  2  yr.  at  6%  ?     3.  $  775.215  in  2  yr.  at  7%  ? 

4.  If  $  8851.38  comp.  int.  is  paid  for  a  sum  for  4  yr.  at  3^%, 
what  will  this  sum  amount  to  in  the  given  time  ? 

641.  Given  the  time,  rate,  and  amount,  to  find  the  principal  and 
compound  interest. 

I.  Wliat  sum  of  money  will  amount  to  $2902.263|  in  20 
years  at  7%  comp.  int,  and  what  will  be  the  comp.  int.  ? 

OPERATION. 

$  3.8696845  =  Amt.  $  1  for  20  yr.  at  7%. 

9  2902.263f  +  3.8696845  =  9  750,  Prin.  (    . 

$  2902.263   -  $  750         =  $  2152.26,  Comp.  Int.  j 

Solution.  —  Consulting  the  table,  we  find  that  f  I  in  20  years  at  7% 
will  amount  to  $  8.8090845.  Therefore  $ 2002.263{  must  be  the  amount  of 
92002.263^  -r-  3.8600845  which  is  $750,  and  the  compound  interest  is  the 
difference  between  the  amount  and  prin^al. 

RuLi:.  —  I.  Divide  the  given  amount  by  the  amount  of  ^1  for 
the  given  time  at  the  given  rale  ;  the  result  wUl  be  the  principal, 

II.  Subtract  the  principal  from  the  amount  to  find  the  comr 
pound  interest. 
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Find  the  principal  and  compound  interest : 

2.  Amt.  $8644.62;  rate  6%  ;  time  4  yr. 

3.  Amt.  f  5788.125;  rate  5%  ;  time  3  yr. 

642.  Given  the  principal,  time,  and  eompoond  interest,  or 
amount,  to  find  the  rate. 

1.  K  $87.4048  compound  interest  is  paid  for  the  use  of  » 
principal  of  $  700  for  3  years,  what  is  the  rate  per  cent  ? 

OPERATION. 

$  700  +  $87.4048  =  $  787.4048,  Amt.  of  $  700  for  3  yr. 
$  787.4048  -^  700  =  $  1.124864,  Amt.  of  $  1. 
By  table  the  rate  for  3  yr.  =  4%.  Ans. 

Solution. — Since  $700  amounts  to  $787.4048,  $1  will  amount  to 
$787.4048-}- 700  =  $1.124804.  Cousulting  the  table  in  the  line  for  8 
years,  we  find  this  amount  under  4%. 

Rule. — Divide  the  amount  by  the  principal ;  the  resuU  wiU  be 
the  amount  of$l  for  tJie  given  time.  Find  by  tJie  table  the  rate 
which  for  the  given  number  of  years  will  produce  this  amount. 

2.  At  what  rate  will  $  5000  amt.  to  $  5304.50  in  2  yr.  ? 

3.  What  is  the  rate  if  $  10000  gains  $  7908.477  in  10  yr.  ? 

643.  Given  the  principal,  rate,  and  eompoond  interest,  or 
amount,  to  find  the  time. 

1.  In  what  time  will  9  500  gain  $  72.45,  at  7%  comp.  int.  ? 

OPERATION.  Solution.  —  Since  $  600  amounts 

9500  +  72.45  =  9 572.46,  Amt  ^  '"^'''^  '"  *  'T^^''  *'""*'  •  *' 

^  '  /v/x      »  in  the  same  time  at  the  same  rate, 

9  572.45  -i-  500  =  9  1.1449,  wUl  amount  to  yj^  of   $  672.45, 

Amt.  of  $  1  at  7%.  which  is  $  1.1449.     By  the  table 

T>    i.  ui     A-  o  A  ^^  fl^d  the  time  in  which  $  1  will 

15y  table,  time  =  Z  yr.  Ans.  amount  to  $1.1449,  at  7%,  to  be  2  yr. 

Rule.  —  Divide  the  amount  by  the  principal ;  the  result  will  be 
the  amount  o/$  1  for  the  given  time.  Find  by  the  table  the  time 
which  at  the  given  rate  will  produce  this  amount. 

2.  In  what  time  will  9 1000  gain  $1171.353  at  6%  ? 

3.  When  will  $  333  amt.  to  $  376.76  at  5%,  semiannually  ? 

4.  In  what  time  will  a  sum  do\\b\^  \\^^\  ^\.  ^^<i  ^a5BK?^.\si^.A 
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PARTIAL  PAYMENTS  OR  INDORSEMEFTS. 

644.  A  Partial  Payment  is  payment  in  part  of  a  note,  bond, 
or  other  obligation  that  is  due  or  is  drawing  interest. 

When  the  amount  of  a  payment  is  written  on  the  back  of  the  obliga- 
tion, it  serves  the  purpoae  of  a  receipt,  and  is  called  an  IndorMment. 

Promissory  Notes  are  written  prumiaes  to  pay  certain  soms  of  money 
on  demand,  or  at  specified  times,  as  '^90  days  after  date,*'  **  two  months 
after  date,**  etc.  (§  660).  They  constitute  one  of  the  most  important  forms 
of  comtnerrial  paper.  Other  forms,  as  checks,  drafts,  etc.,  will  be  de- 
scribed under  other  heads. 

For  definitions  of  maker,  payee,  indoreer,  negotiable  note,  face  pro- 
ceeds, etc.,  see  under  ^^  Bank  Discount  **  pp.  384-3b6. 

645.  To  secure  uniformity  in  the  method  of  computing 
interest  when  partial  payments  have  been  made,  the  Supreme 
Court  of  the  United  States  has  decided  that : 

'<  The  rule  for  casting  interest  when  partial  payments  have 
been  made  is  to  apply  the  payment,  in  the  first  place,  to  the 
discharge  of  the  interest  then  due. 

"  If  the  payment  exceeds  the  interest  the  surplus  goes  towards 
discharging  the  principal,  and  the  subsequent  interest  is  to  be 
computed  on  the  balance  of  the  principal  remaining  due. 

"  If  the  payment  is  leas  than  the  interest  the  surplus  of  inter- 
est must  not  be  taken  to  augment  the  principal,  but  the  interest 
continues  on  the  former  principal  until  the  period  when  the 
payments,  taken  together,  exceed  the  interest  due,  and  then 
the  surplus  is  to  be  applied  toward  discharging  the  principal, 
and  the  interest  is  to  be  computed  on  the  balance  as  afor^ 
said.''  —  Decision  of  Chancdlor  Kent. 

Principles.  —  I.  Accrued  interest  must  be  paid  before  the 
principal  can  be  diminished. 

II.   Interest  must  never  draw  interest 

646.  This  decision  has  been  adopted  by  nearly  all  the  states 
9f  the  Union. 
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United  States  Bulb.  —  I.  Find  Uie  amount  of  the  given 
principal  to  the  time  of  tlie  first  payment,  and  if  this  payment 
equals  or  exceeds  Uie  interest  then  doe,  subtract  it  from  the  amount 
obtained,  and  treat  the  remxiinder  a^  a  new  principal. 

XL  BiU  if  Uie  interest  is  greater  titan  any  payment,  find  the 
amount  on  the  same  principal  to  a  time  when  the  sum  of  the  pay- 
ments equals  or  exceeds  the  interest  tlien  due;  subtracting  tlie 
sum  of  the  payments  from  that  amount^  the  remainder  will  form 
a  new  principal,  on  which  interest  is  to  he  computed  as  before. 

Examples. 
647.  To  compate  partial  payments  by  the  United  States  rale. 

^oaaaA,  c^v  ouieA^,  two-  tAotu<mcL  cLMoaj^,  <yn&  u&oa^  culteA^ 
data,  w-iXA  vnteA^tit.  S&o\xf&  fcytte^. 

Indorsements :  Feb.  19, 1895,  $  400 ;  June  29, 1896,  $  1000 ; 
Nov.  14, 1896,  $  520. 

How  much  remained  due  Dec.  24, 1897  ? 

OPERATIOir. 

Principal  on  interrst  from  Jan.  4,  1894 $2000 

Interest  to  Feb.  19,  1  yr.  1  mo.  15  da. 136 

Amount $2136 

Payment  Feb.  10,  1805 400 

Remainder  for  a  new  principal $  1736 

Interest  from  Feb.    19,   1896,  to  June  20,   1896,   1   yr. 

4  mo.  10  da. 141.69 

Amount $1876.69 

Payment,  June  29,  1896 1000 

Bemainder  for  a  new  principal $b76.0U 

Interest  from  June  29,  1806,  to  Nov.  14,  1896,  4  mo.  16  da.  19.726 

Amount $896,416 

Payment,  Nov.n4,  1896 620 

Remainder  for  a  new  principal $376,416 

Interest  from  Nov.  14,  1896,  to  Dec.  24,  1897,  1  yr.  1  mo. 

10  da. 26.09 

/remainder  due  Dec.  24, 1^91 >lu%.\»KS.^^ 


376  INTEREST. 

9  475.60.  Atlanta,  G a.,  April  1, 1893. 

2.  For  value  received,  we  jointly  and  severally  promise  to 
pay  Mason  &  Brothers,  or  order,  four  hundred  seventy-five 
dollars  fifty  cents,  nine  months  after  date,  with  interest  at  7%. 

Jones,  Smith  &  Co. 

This  note  was  indorsed  as  follows:  Nov.  25,  1893,  $50; 
June  10, 1894,  $15.75;  Aug.  1, 1895,  $25.50;  May  14, 1896, 
$  104.     How  much  was  due  March  15, 1897  ? 

OPSRATION. 

Principal  on  interest  from  Aprill,  1893 $475.50 

Interest  to  Nov.  25,  1803,  7  mo.  24  da. 21.ft3 

Amount 9497.13 

Payment  Nov.  25,  1893 50 

Remainder  for  a  new  principal $447.13 

Interest  from  Nov.  25,  1893,  to  May  14,  1896,  2  yr.  5  mo. 

lOda. 77.29 

Amount $524.42 

Payment  June  10,  1894,  less  tlian  interest  then  due)  $15.75 
Payment  Aug.  1,  1895 i      25.50 

Their  sum  less  than  interest  then  due $41^25 

Payment  May  14,  1896 104 

Their  sum  exceeds  the  interest  then  due $  145.25 

Remainder  for  a  new  principal $379.17 

Interest  from  May  14,  1896,  to  March  15,  1807,  10  mo.  1  da. .         22.19 

Balance  due  March  15,  1897 Ans.  $401.36  + 

$  1000.  Buffalo,  N.  Y.,  May  15,  1888. 

3.  Two  years  after  date  I  promise  to  pay  to  David  Hudson, 
or  order,  one  thousand  dollars,  with  interest,  for  value  received. 

Henby  Burr. 
Indorsements:    Sept.   20,   1889,  $160.60;    Oct   26,  1891, 
$200.90;  July  11,  1893,  $75.20;   Sept.  20,  1894,  $112.10; 
Dec.  5, 1895,  $  105.     How  much  was  due  May  20, 1896  ? 

$  514.96.  San  Fsancisco,  Jane  20,  1892. 

4.  Three  years  after  date  we  promise  to  pay  Boss  &  Wade, 
or  order,  five  hundred  fourteen  and  ^^^  dollars,  for  value 
received,  with  10%  interest.  Wilder  &  Bro. 

Indorsements:  Nov.  12,  1892,  $106.60;  March  20,  1894, 
9^0;  July  10,  1894,  $  75.60.    Ho^  m>ic\v\%  ^>xfe  \jX.iaataxTv\.^  > 
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$  .*5000.  Charleston,  May  7,  1893. 

5.  For  value  received,  I  promise  to  pay  George  Babcock 
three  thousand  dollars,  on  demand,  with  7%  interest. 

John  May. 

Indorsements:  Sept.  10,  1893,  $25;  Jan.  1,  1894,  $500; 
Oct  25,  1894,  $  75 ;  AprU  4,  1895,  $  1500.  How  much  was 
due  Feb.  20, 1896  ? 

$  384^^.  Savannah,  Ga.,  Sept.  4,  1892. 

6.  Six  months  after  date  I  promise  to  pay  John  Rogers,  or 
order,  three  hundred  eighty-four  and  ^^  dollars,  for  value  re- 
oeived,  with  interest  at  7%.  AVilliam  Jenkin-s. 

This  note  was  settled  Jan.  1, 1894,  one  payment  of  $  126.50 
having  been  made  Oct.  20,  1893.  How  much  was  due  at  the 
time  of  settlement  ? 

$  3475.  New  Orleans,  March  0,  1889. 

7.  On  demand  we  promise  to  pay  Evans  &  Hart,  or  order, 
three  thousand  four  hundred  seventy-five  dollars,  for  value 
received,  with  interest  at  5%.  ^^^^^  ^  Brother. 

Indorsements :  June  1,  1889,  9  1247.60 ;  Sept.  .  10,  1889, 
$  1400.     How  much  was  due  Jan.  31,  1890  ? 

$500.  Philadelphia,  Feb.  1,  1893. 

8.  For  value  received,  I  promise  to  pay  J.  B.  Lippincott  &  Co., 
or  order,  five  hundred  dollars  three  months  after  date,  with 
interest  at  6%.  James  Monroe. 

Indorsements:  May  1,  1893,  «40;  Nov.  14,  1893,  $8; 
April  1,  1894,  $  12 ;  May  1, 1894,  $  30.  How  much  was  due 
Sept  16, 1894  ? 

648.  The  foUowing  method  of  computation  is  often  used  by 
merchants  in  the  settlement  of  notes  and  of  interest  accounts 
running  a  year  or  less : 
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Mebcaxtile  Rule.-*!.  Find  the  amount  of  tJie  pri^icipcd 
from  tJie  daJte  of  the  note  to  Hie  time  of  settlement, 

II.  Find  tfie  amount  of  eacli  payment  from  the  time  it  was 
made  to  the  Hm£  of  settlement. 

IIL  Subtract  the  sum  of  the  amounts  of  the  payments  from  tJie 
amount  of  the  principal,  and  the  remainder  wUl  be  the  sum  due. 

Note.  —  An  aoeurste  Application  of  this  mle  reqalres  that  exact  interest  be  oompated  by 
the  rule  for  days.    (See  %  099.) 

649.   To  compute  partial  payments  by  the  Mercantile  Role. 

1.  On  a  note  for  ^600  at  7%,  dated  Feb.  15,  1893,  the 
following  indorsements  were  made:  March  25,  1893,  $150; 
June  1,  1893,  $75;  Oct.  10, 1893,  $  100.  How  much  was  due 
Dec.  31, 1893  ? 

OPERATION. 

AraH  of  $600  from  Feb.  15  to  Dec.  31,  319  da.,  $686.71 

"      "$160    "     Mar.  26"        »*       281"     $168.08 
"      "    $76    "     June    1"        "       213"  78.06 

"      "$100     "     Oct    10"        "         82"        101.67     337.71 

Balance  due  Dec.  31, 1803,  $  299.00  Ans. 

2.  A  note  for  $  950,  dated  Jan.  25, 1892,  payable  in  9  mo., 
at  7%  interest,  had  the  following  indorsements :  March  2, 1892, 
$  225;  May  5, 1892,  $  174.19 ;  June  29, 1892,  $  187.50;  Aug.  1, 
1892,  $  79.15.  What  was  the  balance  due  at  the  time  of  its 
maturity  by  the  mercantile  rule  ? 

3.  Payments  were  made  on  a  debt  of  $  1750,  dated  April  5, 
1891,  as  follows:  May  10,  1891,  $190;  July  1,  1891,  $230; 
Aug.  5, 1891,  $645;  Oct  1, 1891,  $372.  What  was  due  Dec 
31, 1891,  interest  at  6%,  by  the  mercantile  rule  ? 

$  2000.  Brookltn,  N.Y.,  Sept.  1,  1896. 

4.  For  value  received,  I  promise  to  pay  John  Bartlett,  or 
order,  two  thousand  dollars,  on  demand,  with  interest  annually 
at  G^^.  Harold  Williams. 

On  this  note  were  indorsed  the  following  payments :  Oct.  1, 
1895,  $  350;  Nov.  1,  1895,  $225;  Feb.  1, 1896,  $500;  March 
1,  1896,  $200;  April  1,  1896,  $50.    How  much  was  due  on 
the  Date  June  1, 18%,  by  the  mewiwi^^  t^jX^^I 
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Vermont  and  New  Hampshire  Bules. 

850.  The  following  is  the  rule  for  partial  payments  in 
Vermont : 

When  the  note  or  debt  draws  simple  hiterest. 

**0u  notes,  bilL$,  or  other  similar  obligations,  payable  on  demand  or 
at  a  specified  time,  toith  interest,  when  payments  are  made,  sucli  pay- 
ments shall  be  applied :  first,  to  liquidate  the  interest  accrued  at  the  time 
of  such  payments ;  and  second,  to  extinguish  the  principal/*  (See  U.  S. 
Rule,  §  645.) 

When  the  note  or  d^  draws  annual  interest. 

^*  When  such  obligations  are  payable  on  demand  or  at  a  specified  time, 
tnth  interest  annually,  the  annual  interest  that  remains  unpaid  shall  bear 
simple  interest  from  the  time  it  becomes  due  to  the  time  of  final  settle- 
ment ;  but  if  in  any  year,  reckoning  from  the  time  such  annual  interest 
began  to  accrue,  payments  are  made,  the  amount  of  such  payments  at 
the  end  of  snch  year,  with  interest  thereon  from  the  time  of  payment, 
shall  be  applied  :  first,  to  liquidate  the  simple  interest  accrued  from  the 
unpaid  annual  interest;  second,  to  liquidate  the  annual  interests  due; 
and,  third,  to  extinguish  the  principal/* 

651.  From  this  it  will  be  seen  that  the  United  States  Bule 
is  followed  unless  Hie  note  states  with  interest  annuaUy,  When 
the  note  specifies  with  interest  annually^  the  following  is  the 
rule. 

Vermont  Rule.  —  I.  Compute  annual  interest  upon  the  prin- 
cipal to  the  end  of  the  first  year  in  whidi  any  payments  are  made, 

II.  Compute  interest  upon  the  payment  or  payments  made  in 
any  one  year  from  the  time  they  were  severally  made  to  tJie  end  of 
the  year  in  which  they  were  made, 

III.  Apply  the  amount  of  such  payment  or  payments :  first,  to 
discharge  any  interest  that  mxiy  have  aecrued  upon  the  ui^fmid 
yearly  interests;  secondly,  to  discharge  the  yearly  interests  tiken^ 
selves;  and,  thirdly,  toward  extinguishing  tlie  principal, 

IV.  Proceed  in  a  similar  manner  with  succeeding  payments, 

NoTK.  —  In  Vermont »  month  of  any  nnmb«r  ofdnyt  Is  oonridered  u  A  of  ft  ymr,  aad  a 
dajr  M  ^  of  »  month ;  bat  in  finding  the  Ume  between  two  dates  leas  than  a  month  aput^ 
tb0  MtoMl  aumber  of  days  must  be  ooiiniad. 
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652.  The  New  Hampshire  Eule  is  the  same  as  that  of 
Vermont  with  this  additional  provision  : 

Mew  Hampsuirb  Rule.  —  If  cU  the  date  of  any  payment^ 
there  is  no  interest  due  except  wJuU  is  accruing  during  tJie  year, 
and  the  payment  or  payments  do  not  exceed  the  interest  due  at 
the  end  of  the  year,  deduct  the  payment  or  payments,  wUluout 
interest  on  tlw  same, 

653.  Although  the  United  States  Rule  is  now  generally 
adopted  in  Connecticut,  occasionally  the  old  Connecticut 
Courts'  Rule  is  still  used,  which  is  as  follows: 

Connecticut  Rule.  —  Compute  the  interest  to  the  tifne  of  the 
first  payment ;  if  that  be  one  year  or  more  from  tJietime  the  inter- 
est commenced,  add  it  to  the  principal,  and  deduct  the  payment 
from  tlie  sum  total. 

If  there  he  after  payments  made,  compute  tJie  interest  on  the 
balance  due  to  tlie  time  of  tJie  next  paymetit,  and  then  deduct  the 
payment  as  above;  and  in  like  manner  from  one  payment  to 
another,  till  all  tlie  payments  are  absorbed,  promded  the  time 
between  one  payment  and  anotJier  be  one  year  or  vfiore. 

But  if  any  payment  be  made  before  one  year's  interest  hath 
accrued^  then  compute  the  interest  on  the  principal  stim  due  on  the 
obligation  for  one  year,  add  it  to  Hue  principal,  and  compute  the 
intei-est  on  the  sum  paid,  from  the  time  it  was  paid,  up  to  tlie  end 
of  tlie  year;  add  it  to  the  sum  p<iid,  and  deduct  tJicU  stun  from 
tJie*2>rincipal  and  iiUerest  added  as  above. 

If  any  payments  be  made  of  a  less  sum  than  tlie  interest  arisen 
at  the  time  of  such  jxiyment,  no  interest  is  to  be  computed  but  only 
on  tlie  pnncipaX  sum  for  any  period, 

654.  To  compute  partial  payments  by  the  Vermont  rule. 

9  2000.  Burlington,  Vt.,  May  10,  1890. 

1.  For  value  received,  I  promise  to  pay  David  Camp,  or 
order,  two  thousand  dollars,  on  demand,  with  6%  interest 
annually.   .  Richard  Thomas. 

On  this  note  were  indorsed  the  following  payments :  March 
10,  1891,  «800;  May  10,  1893,  «4;  Sept.  10,  1894,  »200; 
iVor.  10,  1894,  $  200.     How  m\ic\i  ^^  ^\\fe  5^^. \^^  Y^^^'l 
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OPERATION. 


PrlDcipid,  Mftv  10, 1890 

Simple  interest  on  prioelpal  to  Majr  10,  1891  (1  yr.) 
Amoant  of  first  payment  (|  800  -(-  int.  for  2  mo.)  . 
Balance  of  first  payment  left  to  apply  against  prin- 
cipal after  paying  Interest  (|  808  -  $  120)    .    . 


IMncipal,  May  10,  1891 

Bimple  Interest  on  principal  to  May  10, 1808  (2  yr.) 
Interest  on  yearly  interest  of  prin.  ($78.72)  for  1  yr. 

Second  payment 

Balance  of  unpaid  interest  upon  unpaid  Interest 
($4.72-$4.00) 

Principal,  May  10, 1806 

Bimple  interest  on  principal  to  Jan.  10, 1895(20  mo.) 
Interest  on  yearly  Int.  of  prIn.  (|  78.72)  for  8  mo. 

Balance  of  unpaid  simple  interest 

Interest  on  unpaid  simple  Int  ($  157.44)  for  20  mo. 
Balanoeof  interest  on  unpaid  Interest      .... 

Total  Interest  on  unpaid  interest 

Total  unpaid  simple  Interest 

Amount  of  8d  payment  ($  200  +  Interest  for  4  mo.) 
Amount  of  4tli  payment  ($  200  +  Interest  for  2  mo.) 

Bum  of  payments 

Balance  to  apply  sgalnst  principal  after  paying  all 

Interest  ($40«-$  19.61 -$288.64)     .... 

Amount  due  Jan.  10.  1695 


n 

< 


$808 


$4 


*  5  >  tr 

s  <  -J  * 

*  a.  2  « 

•c  V  ^  ae 

W  *  -<  w 


$204 
2i>2 


$406 


^  m 


$4.72 


$   .72 


$8.15 

15.74 
.72 


$  19.61 


$120 


< 

& 
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$2000 


CSS 


$  157.44 


$  181.20 
157.44 

$288.64 


$1812 


$1812 


97.75 


$1214.25 
Anti. 


$  600.  RuTLATCD,  Vt.,  April  11,  1892. 

2.  For  value  received,  I  promise  to  pay  Amos  Gushing,  or 
order,  six  hundred  dollars  on  demand,  with  interest  annually 
at  G%.  JoHx  Brown. 

Indorsements :  Aug.  10,  1892,  $  156 ;  Feb.  12,  1893,  9  200 ; 
June  1, 1894,  $  185.     What  was  due  Jan.  1,  1895  ? 

$  575.  Kbkne,  N.  H.,  Aug.  4,  1894. 

3.  For  value  received,  I  promise  to  pay  George  Cooper,  or 
order,  five  hundred  seventy-five  dollars  on  demand,  with  interest 
annually  at  6%.  David  Green. 

Indorsements :  Nov.  4,  '94,  $  64 ;  Dec.  13,  '95,  $  48 ;  March 
^6,  '96,  $248;  Sept.  28,  '96,  $  60.    \n\^\,  \n^  \\v^^«^  ^  ^^O^'^^ 
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TRUE  DISCOUNT. 

655.  True  Discosnt  is  au  abatement  or  aUowance  made  for 
the  payment  of  a  debt  before  it  is  due. 

656.  The  Present  Worth  of  a  debt,  payable  at  a  future  time 
without  interest,  is  such  a  sum  as,  being  put  at  legal  interest, 
will  amount  to  the  given  debt  when  it  becomes  due. 

The  True  Ducoont  is  the  difference  betweeu  the  whole  debt  and  the 
present  worth.  It  is  the  interest  on  the  present  worth  of  a  debt  from 
to-day  to  the  time  it  matures. 

657.  In  True  Discount  we  observe  the  following  relations: 

I.  The  Present  Worth  corresponds  to  Principal, 

II.  The  Discount  corresponds  to  Interest. 

III.  The  Debt  corresponds  to  Amount, 

Examples. 

658.  To  find  the  present  worth  and  true  discount. 

I.  What  is  the  present  worth  and  what  the  true  discount  of 

$  642.12  to  be  paid  4  yr.  9  mo.  27  da.  hence,  money  being 

worth  7%  ? 

OPERATION.  Solution.  —  Since  9 1  is  the  pres- 

*  1.33775,  Amount  of  $  1.  ©^^^    worth   of  « 1.3:^776  for  the 

9  642.12  -h  1.33775  =$  480  f  ^^"  ^^^  *^  *^!  ^'^l  '?•  ^V^o 

^  terest,  the  present  worth  of  9642.12 

9  642.12,  Given  Sum.  ^just    be    as    many    dollars    as 

480.        Present  Worth  ]  1.33776    is    contained    times    in 

a>^^o-n   m        T^.  ^    M'**-    $«^2-12.     Dividing,     we    obtain 

9  162.12,  True  Discount  J  ^^^  ^^^  ^^  ^^^^^  ^^^^  ^^^ 

sabtracting  this  sum  from  the  given  sum,  we  have  $  162.12,  the  true  dis- 
count. 

Rule.  —  I.  Divide  the  given  sum  or  debt  by  the  amount  of  9^ 
for  the  given  rate  and  time;  the  quotient  will  be  tJie  present  worth 
of  the  debt, 

II.  Subtract  the  present  worth  from  tlie  given  sum  or  debt;  tfie 
remainder  will  be  the  discount, 

NoTB.  —  When  paTtnents  are  to  be  made  at  different  times  withont  interest,  find  the 
present  worth  of  each  paymant  aeparataly.   Tlveir  sum  \rQl  b«  the  present  worth  of  the 
fkfvenl  parmentM,  and  this  sum  subtxacXod  ttowv  \Xx«i  *um  <A  \iift  w««ni.\»?jY»ft^>^Hc«L\«w« 
tAe  total  discount. 
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2.  What  is  the  present  worth  of  a  debt  of  $  385.31  J,  to  be 
paid  in  5  mo.  15  da.,  at  6%  ? 

3.  How  much  should  be  discounted  for  the  present  pay- 
ment of  a  note  for  9  429.986,  due  in  1  yr.  6  mo.  1  da.,  money 
being  worth  5^%  ? 

4.  A  man  bought  a  farm  for  $  2964.12  ready  money,  and 
sold  it  again  for  $  3665.20,  payable  in  1  yr.  6  mo.  How  much 
would  be  gained  in  ready  money,  discounting  at  the  rate  of 
8%? 

6.  A  man  bought  a  mill  with  the  option  of  paying  $  25000 
cash,  or  $  12000  payable  in  6  mo.  and  9 15000  payable  in  1  yr. 
3  mo.  He  accepted  the  latter  offer.  Did  he  gain  or  lose, 
and  how  much,  money  being  worth  to  him  10%  ? 

6.  B  bought  a  house  and  lot  April  1,  1892,  for  which  he 
was  to  pay  $  1470  on  the  fourth  day  of  the  following  Septem- 
ber, and  $  2816.80  Jan.  1, 1893.  U  he  could  get  a  discount  of 
10%  for  present  payment,  how  much  would  he  gain  by  borrow- 
ing the  sum  at  7%,  and  how  much  must  he  borrow  ? 

7.  What  is  the  difference  between  the  interest  and  the  true 
discount  of  $  576,  due  1  yr.  4  mo.  hence,  at  6%  ? 

8.  A  merchant  holds  two  notes  against  a  customer — one 
for  $243.16,  due  May  6, 1893,  and  the  other  for  $  178.64,  due 
Sept  25,  1893.  How  much  ready  money  would  cancel  both 
the  notes  Oct  11, 1892,  discounting  at  the  rate  of  7%  ? 

9.  A  speculator  bought  a  quantity  of  cotton  for  $5270.40, 
ou  a  credit  of  9  months.  He  immediately  sold  the  cotton  for 
$  6441.60  cash,  and  paid  the  debt  at  8%  discount.  How  much 
did  he  gain  ? 

10.  Which  is  the  more  advantageous,  to  buy  flour  at  $  4.25 
a  barrel  on  6  months,  or  at  $  4.50  a  barrel  on  9  months,  money 
beiug  worth  8%  ? 

11.  How  much  may  be  gained  by  borrowing  money  at  5% 
to  pay  off  a  debt  of  $  6400,  due  8  months  hence,  allowing  the 
present  worth  of  this  debt  to  be  leckoned  by  deducting  5% 
per  annum  discount  ? 
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BANK   DISCOUHT. 

659.  A  Bank  is  a  corporation,  chartered  under  tlie  law,  for  the 
purpose  of  receiving  and  loaning  money  and  issuing  bank  bills. 

660.  A  Promissory  Fote  is  a  written  or  printed  obligation 
to  pay  a  certain  sum  either  on  demand  or  at  a  specified 
time. 

661.  A  Check  is  a  written  order  on  a  bank  by  a  depositor 
for  money  standing  to  his  credit 

662.  Bank  Fotes,  or  Bank  Bills,  are  the  notes  made  and 
issued  by  banks  to  circulate  as  money.  They  are  payable  in 
specie  at  the  banks. 

A  bank  which  issues  notes  to  circulate  as  money  is  called  a  Bank  of 
Issue ;  one  which  lends  money,  a  Bank  of  Discount ;  and  one  which  takes 
ciiarge  of  money  belonging  to  other  parties,  a  Bank  of  Deposit.  Some 
banks  perform  two,  and  some  all  of  these  functions.  National  banks  are 
organized  under  special  legislation  of  Congress.  They  receive  and  lend 
money  and  issue  notes  which  are  received  as  money,  llieir  circulating 
notes  are  secured  by  U.S.  bonds  deposited  with  the  government. 

663.  The  Bfaker  of  a  note  is  the  person  by  whom  the  note  is 
signed.  The  Payee  is  the  person  to  whose  order  the  note  is 
made  payable.     The  Holder  is  the  owner  or  his  agent 

FoRX  OF  Phomissobt  Note. 


f  60 0.00,  XewVork,  fuly  f,  189  <5r. 

S^tiH)-  'm^kC/i^  after  dute  ii*&  promise  to  pay  to 
the  order  of^.^^^^^^^^^.^^^^^.^^J/O'CU'CcLyfv  Si^ui ^---_^ 

Valae  received.  AMERICAN  BOOK  COMPANY. 

^y  ff,    3^.    ^.fL^AX>Q^, 
JfO.    fd67'         Due  ^6^.    A.  Trta^urtr. 
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Form  of  Check. 


J^ew  York,  fan,  /,  189  6,  Xo.  7066. 

The  National  Park  Bank  of  New  York. 

Fay  to  the  order  of^ fa^iKe^  BM f60. 76 

.3i^ ^  Dollars, 

AMERICAN  BOOK  COMPANY, 

By   /if.  <r.  (ZftvC-vo^A, 


664.  A  Fegothible  BTote  is  one  which  may  be  bought  and  sold, 
or  negotiated.  It  is  made  payable  to  the  hearer  or  to  ^  order 
of  the  payee. 

665.  Indorsing  a  note  by  a  payee  or  holder  is  the  act  of  writ- 
ing  his  name  on  its  back. 

Nom.  —  1 .  If  a  note  Is  psymble  to  the  bearer,  it  may  be  negotiated  without  indorsement 
8.  An  Indorsement  makes  the  indorser  liable  for  the  payment  of  a  note,  if  the  maker  lUls 

to  pay  it  when  it  la  due. 

8.  A  note  shoaM  contain  the  words  **  value  received, '*  and  the  sum  for  which  It  is  given 

ehoald  be  written  out  In  words. 

666.  The  Face  of  a  note  is  the  sum  specified  in  the  note. 

667.  Days  of  Grace  are  the  three  days  usually  allowed  by 
>iiw  for  the  payment  of  a  note  after  the  expiration  of  the  time 
specified  in  the  note. 

668.  The  Maturity  of  a  note  is  the  expiration  of  the  term 
specified  for  its  payment  including  the  days  of  grace,  where 
they  are  allowed. 

Norm.  —  1.  No  grace  is  allowed  on  notes  payable  "on  demand/*  without  grace.  In 
Kew  York,  Vermont,  California,  and  some  other  state*,  days  of  grace  have  been  recently 
abolished  by  statute.  The  maturity  of  such  notes  is  the  expiration  of  the  time  mentioned 
inthom. 

S.  To  indloate  the  matnrltjof  a  note  or  draft,  an  obUqne  Itne  is  used,  wltb  the  day  at 
which  the  note  Is  nominally  due  on  the  left,  Md  \^%  ^Xa  ot  mciNa.ftXi  vo^  ^^^  V^o^.^^bsa»^ 

BOB.  IfEW  RICHER  AH. 25 
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669.  The  Term  of  Discount  is  the  time  from  the  date  of 
discount  of  a  note  to  its  maturity.  Notes  may  contain  a 
promise  of  interest,  which  will  be  reckoned  from  the  date  of 
the  note,  unless  some  other  time  is  specified. 

Note.  —  A  note  not  paid  %t  matarity  draws  interest  from  the  day  it  la  due,  eyen  though 
no  mention  is  made  of  IntereAt  in  the  note. 

670.  A  Notary,  or  Notary  Public,  is  an  officer  authorized  by 
law  to  attest  documents  or  writings  to  make  them  authentic. 

671.  A  Protest  is  a  formal  declaration  in  writing,  made  by 
a  Notary  Public,  at  the  request  of  the  holder  of  a  note,  notify- 
ing the  maker  and  the  indorsers  of  its  non-payment. 

Note. — The  fkilure  to  protest  a  note  on  the  third  day  of  grace  releases  the  indorsers 
from  all  obligation  to  pay  it,  except  when  the  indorser  has  written  above  his  signature  the 
words  ** protest  teaired.*^  An  indorser  who  writes  **tpithoiU  recourse  **  above  his  signa- 
ture is  not  liable  for  payment  nnder  any  circumstances.  If  the  third  day  of  grace  or  the 
maturity  of  a  note  occurs  on  Sunday  or  a  legal  holiday,  in  most  places  the  note  must  be 
paid  on  the  day  previous ;  but  the  time  of  protest  for  non-payment  varies  by  laws  of 
different  places. 

672.  Bank  Discount  is  the  interest  charged  by  a  bank  for  the 
payment  of  a  note  before  it  becomes  due. 

673.  The  Proceeds  of  a  note  is  the  sum  received  for  it  when 

discounted,  and  is  equal  to  the  face  of  the  note  less  the  discount. 

The  transaction  of  borrowing  money  at  banks  is  conducted  in  accord- 
ance with  the  following  custom :  The  borrower  presents  a  note,  either 
made  or  indorsed  by  himself,  payable  at  a  specified  time,  and  receives  for 
it  a  sum  equal  to  the  face  less  the  interest  for  the  time  the  note  has  to 
run.  The  amount  thus  withheld  by  the  bank  is  in  consideration  of 
advancing  money  on  the  note  prior  to  its  maturity. 

674.  The  law  of  custom  at  banks  makes  the  bank  discount 
of  a  note  equal  to  the  simple  interest  at  the  legal  rate,  for  the 
time  specified  in  the  note.  As  the  bank  always  takes  the 
interest  at  the  time  of  discounting  a  note,  bank  discount  is 
equal  to  simple  interest  paid  in  advance  upon  the  sum  due  on  a 
note  at  its  maturity,  or  it  is  equal  to  simple  interest  plus  the 
interest  on  the  interest  for  the  term  of  discount. 

Thus,  the  true  discount  of  a  note  for  $163,  which  matures  in  4  mo.  at 

6%,  is  9 163  -  4350.  =  $3.00,  and  the  bank  discount  is  8163  x  .02=  $3.06. 

Since  the  interest  of  $3,  the  true  discount,  for  4  mo.  is  $3x.02=f  .06, 

we  see  tb&t  the  bank  discount  ot  awy  sum  tor  a  given  time  exceeds  the  trtie 

discount,  by  the  interest  on  the  true  dlscouut  Jot  tXe  *amt  xVw.%. 


BANK  DISCOUNT.  387 

675.  Bank  discount  is  computed  on  the  /ace  of  a  note  that 
does  not  bear  interest,  but  on  the  fo^e.  plus  the  interest  of  a 
note  that  bears  interest. 

676.  In  computations  in  bank  discount,  the  Face  (or  Face 
plus  hUerest)  of  the  note  corresponds  to  the  Principal,  the 
Bank  Discount  to  the  Interest,  the  Proceeds  to  the  Difference, 
or  Principal  minus  ifUerest  ;  and  Rale  of  Discount  to  the  Rate 
of  Interest, 

Examples. 

677.  Given  the  face  of  a  note,  to  find  the  bank  diacotmt  and  the 
proceeds. 

1.  What  are  the  proceeds  and  bank  discount  of  a  note  for 
$  2000,  due  in  2  mo.  15  da.  at  6%  ? 

OPERATION. 

Time  =  2  mo.  18  da. 

S  .013  =  Int.  of  $  1  for  2  mo.  18  da. 
$  .013  X  2000  =  9  26,  Bank  Discount    )   ^^ 
9  2000  -  $  26  =  $  1974,  Proceeds  \ 

Solution.  —  The  time  -f-  3  da.  =  2  mo.  18  da.  The  int.  of  9 1  for  2  mo. 
18  da.  =  9.013.  Tlie  int.  of  92000  =  2000  x  9-013  =  926,  bank  disc. 
The  face  of  the  note,  92000  —  the  bank  disc.,  926,  =  the  proceeds,  9 1074. 

EuLE.  —  I.  Compute  the  interest  on  the  face  of  the  note  for 
three  days  more  than  the  specified  time;  the  result  will  be  tJie 
discount, 

II.  Suhtra^  the  discount  from  the  face  of  the  note,  and  the 
remainder  will  he  the  proceeds. 

2.  What  is  the  bank  discount,  and  what  are  the  proceeds  of 
a  note  for  $  1487  due  in  30  days  at  6%? 

3.  What  are  the  proceeds  of  a  note  for  $  384.50  at  90  days, 
if  discounted  at  6%  ? 

4.  Wishing  to  borrow  $1000  of  a  Southern  bank  that  is 
discounting  paper  at  8%,  I  give  my  note  for  $975,  payable 
in  60  days.  How  much  more  will  make  up  the  required 
amount? 


r 
I 
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Find  the  day  of  maturity,  the  term  of  didcount,  and  the  pro- 
ceeds of  the  following  notes : 

9  1962^^.  Detroit,  July  26,  1892. 

6.  Four  months  after  date  I  promise  to  pay  to  the  order 
of  James  Gillis  one  thousand  nine  hundred  sixty-two  and  ^^ 
dollars  at  the  Exchange  Bank,  for  value  received. 

John  Demarest. 
Discounted  Aug.  26,  at  6%. 

9  1066^.  Baltimore,  April  19,  1891. 

6.  Ninety  days  after  date  we  promise  to  pay  to  the  order  of 
King  &  Dodge  one  thousand  sixty-six  and  -^  dollars  at  the 
Citizens'  Bank,  for  value  received. 

Case  &  Soxs. 

Discounted  May  8,  at  6%. 


784|2^.  Mobile,  June  20,  1898. 

7.  Two  months  after  date  for  value  received  I  promise  to 

pay  George  Thatcher  or  order  seven  hundred  eighty-four  and  ^f^ 

dollars  at  the  Traders'  Bank. 

William  Hamilton. 
Discounted  July  5,  at  8%. 

8.  What  is  the  difference  between  the  true  and  the  bank 
discount  of  $  950,  for  3  months  at  7%  ? 

678.  Given  the  proceeds  of  a  note,  to  find  the  face. 

1.   For  what  sum  must  I  draw  my  note  at  4  months,  interest 
6%,  that  the  proceeds  when  discounted  in  bank  shall  be  9750  ? 

Solution  —  We  first  ob- 

0PKRAT.OH.  ^    *?   P"T±.*'*.    ♦!:' 

«  ^  f^j^.  then,  since  $.9/95  is  the 

9  l.inAiU  proceeds  of  #1,  f  760  U  the 

.0205,  Disc't  on  $  1  for  4  mo.  3  da.     proceeds  of  as  many  doU 

$    .9795,  Proceeds  of  9  1.  Sesin  "Sw"  oSf 

f  750  +  .9796  =  9  766.696  Ana.  we  obtoin  the  'teqr^'^ 

suit. 

HuLE,  —  Divide  the  proceeds  by  the  'proceeds  of  91  for  the 
time  and  rcUe  mentioned ;  the  qtiotieni  vsill  he  iKe  Jw»  oj  ii^  -wa^. 
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2.  What  is  the  face  of  a  note  at  60  days,  the  proceeds  of 
which,  when  discounted  at  bank  at  6%,  are  $  1275  ? 

3.  If  a  merchant  wishes  to  draw  9  5000  at  bank,  for  what 
sum  must  he  give  his  note  at  90  days,  discounting  at  6%  ? 

4.  The  avails  of  a  note  having  3  months  to  run,  dis- 
counted at  a  bank  at  7%,  were  9  276.84.  What  was  the  face 
of  the  note  ? 

6.  James  T.  Fisher  buys  a  bill  of  merchandise  at  cash  price, 
to  the  amount  of  $  1486.90,  and  gives  in  payment  his  note  at  4 
months  at  7^%.     What  must  be  the  face  of  the  note  ? 

6.  Find  the  face  of  a  6  months'  note,  the  proceeds  of  which, 
discounted  at  2%  a  month,  are  $  496. 

7.  For  what  sum  must  a  note  be  drawn  at  30  days,  to  net 
$  1200  when  discounted  at  5%  ? 

8.  Owing  a  man  $  575,  I  give  him  a  60  day  note.  What 
should  be  the  face  of  the  note,  to  pay  him  the  exact  debt,  if 
discounted  at  1^%  a  month  ? 

679.  Given  the  rate  of  bank  diacount,  to  find  the  correspond- 
ing rate  of  interest. 

1.  A  broker  discounts  30  day  notes  at  8%.  What  rate  of 
interest  does  his  money  earn  him  ? 

OPERATION. 

30  day  notes  =  33  days'  time. 

9 100.00    Base. 

9       .7^,  Discount  for  33  days. 


99.26J,  Proceeds. 

Interest  of  $  99.26 1  for  33  da.  at  1%  =  $  .0909|^. 

«  .731 -^  f  .0909H  =  8yHf7%   Ana. 

Solution.  —  If  we  assume  $  100  as  the  face  of  the  note,  the  discount 
for  33  days  at  8%  will  be  9,^^  and  the  proceeds  $99.26|.  We  then 
have  999.26}  principal,  $  .73}  interest,  and  33  days'  time,  to  find  the  rate 
per  cent  per  annum,  which  we  do  by  §  632. 

Rule.  —  I.  Find  the  discount  and  the  proceeds  of  $1  or 
9 100  for  the  time  the  note  has  to  run. 

II.  Divide  the  discount  by  tJie  interest  of  the  proceeds  eU  l^c 
for  the  same  time. 
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2.  What  rate  of  interest  is  paid,  when  a  note  payable  in  30 
days  is  discounted  at  6%  ? 

3.  A  note  payable  in  2  months  is  discounted  at  2%  a  month. 
What  rate  of  interest  is  paid  ? 

4.  When  a  note  payable  in  90  days  is  discounted  at  1%  a 
month,  what  rate  of  interest  is  paid  ? 

6.   What  rate  of  interest  corresponds  to  a  5,  6,  7, 10, 12% 
discount  on  a  note  running  10  months  without  grace  ? 

680.   Given  the  rate  of  interest,  to  find  the  corresponding  rate 
of  banlc  discount. 

1.  A  broker  buys  60  day  notes  at  such  a  discount  that  his 
money  earns  him  8%  a  year.   What  is  his  rate  %  of  discount? 

OPE  RATION. 

60  da.  -f  3  da.  =  63  da. 

9 100,      Base. 

1.40,  Int.  for  63  da. 


101.40,  Amount     "      " 

Int.  of  9  101.40  for  63  da.,  at  1%  =♦  .17745. 
« 1.40 -s- $  .17745  =  7|^%    Atis. 

Solution.  —  If  we  assume  $  100  as  the  proceeds  of  a  note,  the  interest 
for  63  days  at  8%  will  be  $  1.40,  and  the  amount  or  face  of  the  note  will 
be  $  101.40.  We  then  have  $  101.40  the  principal,  $  1.40  the  interest,  and 
63  days  the  time,  to  find  the  rate  per  cent,  which  we  do  by  §  632,  as  in 
the  last  case. 

Rule. — I.  Find  the  interest  and  the  amount  of  91  or  $100 
for  the  time  the  note  has  to  run, 

II.  Divide  the  interest  by  the  interest  on  the  ammint  a/t  Ifc 
for  the  same  time. 

2.  What  rates  of  bank  discount  on  30  day  notes  correspond 
to  a  5,  6,  7, 10%  interest  ? 

3.  At  what  rate  should  a  3  months'  note  be  discounted  to 
produce  S%  interest? 

4.  At  what  rate  must  a  ivot«  payable  18  months  hence, 
without  grace,  be  discounted  \«  ^tcAwc^  1  %  \xi^ssi^^\ 
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681.  Sayings  Banks  are  institutions  intended  to  receive  in 
trust  or  on  deposit  small  sums  of  money,  generally  the  surplus 
earnings  of  laborers,  and  to  return  the  same  with  a  moderate 
interest  at  a  future  time. 

682.  Money  deposited  on  or  before  certain  fixed  dates  draws 
interest  from  those  dates.  In  some  banks  the  interest  term  is 
6  months,  in  some  3  months,  and  in  others  1  month,  each  be- 
ginning with  the^rs^  day  of  the  month. 

If  the  interest  is  not  drawn  when  due,  it  is  added  to  the 
principal  and  draws  interest  as  a  new  deposit ;  hence  we  see 
that  savings  banks  pay  compound  interest, 

683.  A  savings  bank  furnishes  each  depositor  with  a  book, 
in  which  are  recorded  from  time  to  time  the  sums  deposited  and 
the  sums  drawn  out.  The  Dr.  side  of  such  an  account  shows 
the  deposits,  and  the  Cr.  side  the  depositor's  checks  or  drafts. 

Savings  banks  usually  allow  interest  only  on  such  sums  as  have  been  on 
deposit  for  a  full  interest  term.  Thus,  if  interest  is  paid  semiannually 
and  the  times  of  payment  are  Jan.  1  and  July  1,  interest  will  be  allowed 
only  on  money  deposited  on  or  before  Jan.  1  and  not  withdrawn  before 
July  1,  or  deposited  before  July  1  and  not  withdrawn  before  Jan.  1.  If 
interest  is  payable  quarterly,  the  sum  must  be  on  deposit  for  three  full 
months  from  the  date  of  interest  payment,  if  payable  monthly  for  1 
month,  etc.    The  Interest  term  of  most  banks  is  3  months. 

Nom.  —  1.  The  Binalleftt  1>Aknce  on  deposit  any  time  during  the  term  ia  considered  the 
amallest  beUnce  on  deposit  daring  the  whole  term. 

2.  An  exception  to  the  general  role  occurs  in  the  practice  of  some  of  the  sayingt 
hanks  of  New  York  City.  In  these,  the  Interest  term  is  6  months,  and  the  deiMsitor  is  al- 
lowed not  only  the  ftall  term*s  interest  on  the  smallest  balance,  but  a  half  term^s  interest  on 
any  deposit,  or  portion  of  a  deposit  made  during  the  first  8  months  of  the  term,  and  iu>t 
drawn  otU  during  any  aubs^-uent  part  qf  the  term. 

8.  In  some  banks  money  deposited  previous  to  the  1st  day  of  any  month  draws  interest 
ttom  that  date  to  the  day  of  declaring  interest  dividends,  provided  It  has  not  been  previ- 
ously withdrawn. 

4.  No  Interest  is  allowed  on  fractional  parts  of  a  dollar. 

5.  Usually  a  depositor  may  withdraw  any  portion  of  his  money  whenever  he  chooses, 
but  some  banks  require  a  week's  notice. 

Principle.  —  Interest  is  added  at  the  end  of  each  interest  term 
on  the  smallest  balance  on  deposit  durincj  ihfi,  entire  term. 


\ 
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Examples. 

684.  To  find  the  interest  or  balances  due  from  sayings  banks. 

1.   Find  the  balance  due  July  1,  1895,  on  the  following 
account,  interest  being  allowed  quarterly  at  4%  per  annum. 


DatoB. 

Deposits. 

1 

Sams  dnwD  out 

Interest. 

Dafly  Bakncesw 

ISM. 

Dm.  81 

11(10 

00 

160 

00 

18M. 

Jan.  16 

60 

»00 

100 

00 

Feb.     8 

85 

00 

185 

00 

Feb.  8T 

16 

00 

120 

00 

Mm*.  89 

90 

50 

140 

50 

AprU   1 

1 

00 

141 

60 

AprUlO 

48 

00 

184 

50 

AprU  19 
May  15 

46 

00 

189 

50 

26 

25 

165 

75 

July     1 

50 

00 

1 

89 

917 

14 

Solution.  — The  interest  is  added  to  the  daily  balance,  each  quarter  on 
the  smallest  balance  on  deposit  during  the  quarter.  The  smallest  balance 
on  deposit  during  the  first  quarter  is  $  100,  and  the  interest  due  on  this  on 
April  1  (4%  for  1  yr.  =  1  %  for  3  months)  is  91.  Adding  this  interest 
to  $140,  the  balance  for  April  1  is  $141.  The  smallest  balance  during 
the  second  quarter  is  $  139.50,  and  as  no  interest  is  allowed  on  a  frac- 
tional part  of  a  dollar,  the  interest  on  $  139  is  $  1.89.  Adding  this  interest 
and  the  deposit  for  July  1,  the  balance  on  hand  July  1  is  $217.14. 

Rule.  —  Add  to  the  balance  on  hand  at  the  beginning  of  each 
interest  term  the  interest  on  the  smallest  balance  on  hand  during 
the  preceding  term, 

2.  What  will  be  due  April  20, 1896,  on  the  following  account^ 
interest  being  allowed  quarterly  at  4%  per  annum,  the  terms 
commencing  Jan.  1,  April  1,  July  1,  and  Oct.  1  ? 


Dr. 


Savings  Bank,  in  account  with  James  Tatlos. 


Or. 


1S95. 

.Tan.  12 
May  10 
Sept.  1 

IBM. 


I  T5 

15() 

80 


ISO 


\ 


1B95. 

March  5 
Aug.  16 
Dec.     1 


w 


\ 


\v 


$30 
60 

48 


\ 
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NoTS.  —  In  the  foIIowing^  examples  the  terms  commence  with  the  year,  or  on  Jan.  1. 

8.   Allowing  interest  monthly  at  4%  per  annum,  what  sum 
will  be  due  Sept.  1, 1896,  on  the  book  of  a  bank  having  the 
following  entries  ? 
Dr.    Bay  State  Satutos  Institution,  in  account  with  Jane  Ladd.     Cr. 


1896. 

1 

1896. 

Jan.        8 

To  Cash, 

5 

75 

Jan.      28 

Bv  Check, 

5 

00 

8 

"     " 

18 

45 

Feb.        7 

8 

48 

80 

44          <i 

T 

60 

March  20 

10 

00 

Feb.      80 

"  Check, 

16 

45 

April     11 

12 

76 

8T 

"  Cash, 

8 

40 

June      8 

8 

96 

March    6 

"  Check, 

14 

65 

18 

10 

48 

"       89 

"  Cash, 

7 

98 

20 

"  Draft, 

17 

48 

April     85 

44             14 

8 

49 

Aug.     17 

"^  Check, 

6 

64 

Ma/        t 

'^       80 

"  Draft, 

26 

50 

44             44 

45 

79 

July      98 

"  Cash, 

15 

68 

Aug.       8 

"  Check, 

18 

45 

"        96 

"  i'ash. 

4 

50 

4.   Interest  being  allowed  quarterly,  at  4%,  how  much  was 
due  April  4, 1896,  on  the  following  savings  bank  account  ? 
Dr.     Detroit  Savings  Institution,  in  account  with  R.  L.  Selden.     Cr. 


1895. 

1895. 

Feb.        1 

To  Cash, 

47 

SO 

May  18 

By  Check, 

4r      44 

60 

86 

Martth  18 

44            4t 

124 

86 

Oct.     8 

85 

78 

June     80 

44           44 

180 

56 

Nov.  16 

4(             44 

86 

48 

Aug.       8 

44           44 

68 

75 

Dee.  28 

44             44 

18 

60 

1»9«. 

Jan.      25 

•  4           44 

160 

90 

6.   How  much  was  due  Dec.  10,  1895,  on  the  following 
account,  allowing  interest  semiannually,  at  4%  per  annum  ? 
Dr.    Irvings  Savings  Institution^  in  account  with  James  Taylor.    Cr. 


1894. 

June      4 
Nov.      1 

1890. 
Feb.     84 
Sept.    10 

To  Cash, 

44            44 

"  Draft, 
"  Check. 

176 
150 

800 
56 

1894. 

Sept    14 

1895. 
July     85 
Dee.      8 

By  Check, 

•  4              44 

44             4. 

65 

180 

80 

6.   With  interest  quarterly  at  4%,  how  much  was  due  July  1, 
1895,  on  a  book  having  the  following  entries  ? 
Dr.      Sixpenny  Savings  Bank,  in  account  icith  William  Gallup.      Cr. 


1894. 

April  1 
June  17 
Nov.       1 


To  Cheek, 


*i 


Cash, 


86 
85 

84 


50 
8fi 
72 


1894. 

Sept.     16 

1896. 
Jan.      87 
MwcYv    \ 


By  Cheek, 


44 
it 


44 
It 


86 
18 


16 

48 


BZCHAirQB. 

685.  If  a  man  wishes  to  make  a  remittance  to  a  creditor, 
agent,  or  any  other  person  residing  at  a  distance,  instead  of 
transporting  specie,  which  is  attended  with  expense  and  risk, 
or  sending  bank  notes,  which  are  liable  to  be  uncurrent  at  a 
distance  from  tike  banks  that  issue  them,  he  remits  a  bOl  of 
exchange,  purchased  at  a  bauk  or  elsewhere,  and  made  payable 
to  the  proper  persor  in  or  near  the  place  where  he  resides. 

Thus  a  man  by  paying  Boston  funds  in  Boston,  may  put 
Hew  York  funds  into  the  hands  of  his  New  York  agent 

686.  Bxcbsnge  is  a  method  of  remitting  money  from  one 
place  to  another,  or  of  making  payments  by  written  orders, 
without  transmitting  money. 

687.  A  Bill  of  Ezclisiige  is  a  written  i-equest  or  order  upon 
one  persou  to  pay  a  certain  sum  to  another  person,  or  to  his 
order,  at  a  specitied  time. 

688.  A  Sight  Draft  or  BlU  is  one  requiring  payment  to  be 
made  "at  sight,"  which  means,  at  the  time  of  its  presentation 
to  the  person  ordered  to  pay.  In  Time  Drafts  the  time  specified 
is  usually  a  certain  number  of  days  "after  sight." 


AMERICAN   BOOK  COMPANY. 
/^i!(;.  Xew  York,  ^s.jit.  I,   189  5. 

AT  SIGHT  pay  to  the  order  of  Cutt-elve*- 

Value  received  and  charge  to  acct.  of 

ToU  €   J; 'Lin,    1  American  Book  Company, 

ffUr^.  Ji.y.  I         "'  ■""•  ^^  '^"'tr:,„. 


Note.  —  Olber  dnfti  hive  the  lune  (Una  »  U 

"»(  nirfil."  " iliyi  »ft*f  »lgW"  or  "  — 

tia»  It  •ifltr  tigkl,  II  m«u»  iftcr  ucapUiue. 
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689.  There  are  always  three  parties  to  a  transaction  in  ex- 
change^  and  usually  four : 

The  Drawer  or  Maker  is  the  person  who  signs  the  order  or  bill. 
The  Drawee  is  the  person  to  whom  the  order  is  addressed. 
The  Payee  is  the  person  to  whom  the  money  is  ordered  to  be  paid. 
The  Buyer  or  Remitter  is  the  person  who  purchases  the  bill.    He  may 
be  himself  the  payee^  or  the  bill  may  be  drawn  in  favor  of  any  other  person. 

The  Indorsement  of  a  bill  is  the  voriting  upon  its  back,  by  which  the  payee 
transfers  the  payment  to  another.  The  payee  may  indorse  in  blank  by 
writing  his  name  only,  which  makes  the  bill  transferable  like  a  bank  note ; 
or  he  may  accompany  his  signature  by  a  special  order  to  pay  to  another 
person,  who  in  his  turn  may  transfer  the  title  in  like  manner.  Indorsera 
become  separately  liable  for  the  amount  of  the  bill,  in  case  the  drawee 
fails  to  make  payment,  but  each  indorser  has  recourse  upon  the  drawer 
or  maker  of  the  note.  A  bill  made  payable  to  the  bearer  is  transferable 
without  indorsement. 

NoTB.  —  On  the  back  of  the  draft  on  p.  894  there  might  be  one  or  more  indoraementa, 
aa  follows :  "  Pay  to  the  order  of  the  National  Park  Bank,  for  collection  for  account  of 
American  Book  Co." ;  "  Pay  to  the  order  of  the  First  National  Bank,  B'klyn,  for  collection 
for  account  of  National  Park  Bank,  N.  Y/* ;  "  First  National  Bank,  B'klyn,  N.Y.    Paid/* 

690.  The  Acceptance  of  a  bill  is  the  promise  which  the 
drawee  makes  when  the  bill  is  presented,  to  him  to  pay  it  at 
maturity ;  this  obligation  is  usually  acknowledged  by  writing 
the  word  "  Accepted,"  with  his  signature  and  date  across  the 
face  of  the  bill.  The  draft  is  then  called  an  acceptance  and 
may  be  negotiated  like  a  promissory  note. 

NoTBS.  —  1.  In  thia  country  and  in  Great  Britain,  three  day»  of  gra^e  are  allowed  for 
the  payment  of  a  bill  of  exchange,  after  the  time  specified  has  explped.  In  regard  to  grace 
on  tight  drftftt,  however,  custom  is  variable ;  in  New  York,  and  some  other  states,  no 
grace  is  allowed  on  sight  bills. 

8.  When  a  bill  is  protested  for  non-acceptance,  the  drawer  is  liable  to  pay  It  immedi- 
ately, even  though  the  specified  time  has  not  expired. 

691.  The  Face  of  a  bill  of  exchange  is  the  sum  ordered  to 
be  paid ;  it  is  usually  expressed  in  the  currency  of  the  place  on 
which  the  draft  is  made. 

692.  The  Rate  of  Exchange  is  the  current  price  paid  in  one 
place  for  bills  of  exchange  on  another  place.  This  price 
varies,  according  to  the  relative  conditions  of  trade  and  com- 
mercial credit  at  the  two  places  between  which  exchange  is 
made.  Thus,  if  Boston  is  largely  indebted  to  Paris,  bills  of 
exchange  on  Paris  will  beai  a  \i\^tv  '^mfe  \T\^^^\ss^^^aA'^Mi. 
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be  at  a  premium,  whereas  bills  of  exchange  cm  Boston  will 
bear  a  low  price  in  Paris,  or  be  at  a  discount.  Such  premiums 
or  discoimts  are  reckoned  at  a  certain  per  cent  on  the  face  of 
the  bill. 

When  the  rate  of  exchange  between  two  places  is  unfavor- 
able to  drawing  or  remitting,  the  disadvantage  is  sometimes 
avoided,  by  means  of  a  circuitous  exchange  on  intermediate 
places  between  which  the  rate  is  advantageous. 

693.  Direct  Exchange  is  confined  to  the  two  places  between 
which  the  money  is  to  be  remitted. 

694.  There  are  always  two  methods  of  transmitting  money 

between  two  places.     Thus,  if  A  is  to  receive  money  from  B, 

Ist.  A  may  draw  on  B,  and  sell  the  draft ; 
2d.   B  may  remit  a  draft,  made  in  favor  of  A. 

NoTK.  —  One  person  is  said  to  draw  oh  another  persoD,  when  he  is  the  maJber  of  a 
drmft  addressed  to  that  person. 

695.  In  computations  in  Exchange  the  Face  of  a  draft  corre- 
sponds to  the  Base,  the  Premium  or  Discount  to  the  Percentage, 
the  Cost  of  the  draft  to  the  Amount  or  Difference. 

Exchange  is  of  two  kinds,  —  Domestic  and  Foreign. 

Domestic  Exchange. 

696.  Domestic  or  Inland  Exchange  relates  to  remittances 
made  between  different  places  of  the  same  country. 

NoTS.  —  An  inland  bUl  of  exchange  is  commonly  called  a  dn^ft. 

697.  The  rate  of  exchange  for  inland  bills,  or  drafts,  is 
always  expressed  by  the  rate  of  premium  or  discount.  Drafts 
on  time,  however,  are  subject  to  bank  discount,  like  promissory 
notes,  for  the  term  of  credit  given.  Hence,  their  cost  is  affected 
by  both  the  rate  of  exchange  and  the  discount  for  time. 

Principles.  —  I.  Tlie  rate  of  exchange  on  a  sigJU  draft  is 
100%  plus  the  per  cent  of  premium  or  minus  the  per  cent  of  dis- 
count. 

II.    The  rate  of  exchange  on  a  time  draft  is  t?ie  rate  on  a  sight 
draft  less  the  per  cerd  of  bank  discouut. 
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Szamples. 
698.  To  compute  domestic  exchange. 

9  500.  Stracusb,  May  7, 1896. 

1.  At  sight,  pay  to  James  Clark,  or  order,  five  hundred  dol- 
lars, value  received,  and  charge  the  same  to  our  account. 

M.  Smith  &  Co. 
To  Messrs.  Bkowv  &  Fostbk,  ) 

Baltimore,  Md.  i 

What  is  the  cost  of  the  above  draft,  the  rate  of  exchange 

being  1|%  premium? 

opB  RATION.  SoLFTiox.  —  Sinco  ezchange   is 

«  500  X  1.015  =  $  507.50  Ans,      *'  ^i  %  premium   each  dollar  of 

the  draft  will  cost  9 1.015 ;  and  to 
find  the  whole  coet  of  the  draft,  we  multiply  its  face,  1^500,  by  1.015,  and 
obtain  1^507.50,  the  required  result. 

$  600.  PiTTSBURO,  June  12,  1896. 

2.  Sixty  days  after  sight,  pay  to  William  Barnard,  or  order, 
six  hundred  dollars,  valu3  received,  and  charge  the  same  to 
our  account  ^.^^^^^  g^^^^  ^  ^^ 
To  the  Suffolk  Bank,  Boston. 

What  will  be  the  cost  of  the  above  draft,  exchange  on  Bos- 
ton being  in  Pittsburg  at  2\%  premium  ? 

OPERATION. 

$  1  -f-  $  .0225  =  ^1.0225,  Rate  of  Exchange. 

.0105,  Bank  Discount  of  *  1  (63  da.). 

9  1.012,  Cost  of  Exchange  for  9  1. 

J  600  X  1.012  =  $  607.20  Ans, 

Solution.  —  From  ^  1.0226,  the  rate  of  exchange,  we  subtract  9. 0105, 
the  bank  discount  of  #1  for  the  specified  time,  and  obtain  1^1.012,  the 
cost  of  exchange  for  #  1 ;  then  #  600  x  1.012  =  i^  607.20,  the  cost  of  ex- 
change for  $  600. 

3.  A  commission  merchant  in  Detroit  wishes  to  remit  to  his 
employer  in  St.  Louis  $  512.36  by  draft  at  60  days.  What  is 
the  face  of  the  draft  which  he  can  purchase  with  this  sum, 
exchange  being  at  2A%  discount? 
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OPERATION. 

$  1  —  J  .026  =  $  .975,     Rate  of  Exchange. 

.0105,  Discount  of  9 1. 

$  .9645,  Cost  of  Exchange  for  9 1. 

$  612.36  -I-  .9645  =  $  531.218  Ans. 

Solution.  —  From  $.976,  the  rate  of  exchange,  we  subtract  $.0105, 
the  bank  discount  of  $  1  for  the  specified  time,  at  the  legal  rate  in  Detroit, 
6%,  and  obtain  $  .9645,  the  cost  of  exchange  for  f  1 ;  and  the  face  of  the 
draft  that  will  cost  $  512.36,  will  be  as  many  dollars  as  .9646  is  contained 
times  in  $512.36,  which  is  $631,218. 

Rule.  —  I.  To  find  the  cost  of  a  draft,  the  face  being  given. 
—  Multiply  tlie  face  of  the  draft  by  the  cost  of  exchange  for  $  1. 

II.  To  find  the  face  of  a  draft,  the  cost  being  given. — 
Divide  the  given  cost  by  the  cost  of  eacchange  for  $  1. 

4.  What  must  be  paid  in  New  York  for  a  draft  on  Boston, 
at  30  days,  for  $  5400,  exchange  being  at  ^%  premium  ? 

6.  What  is  the  cost  of  sight  exchange  on  New  Orleans,  for 
J 3000,  at  3^%  discount? 

6.  What  must  be  paid  in  Philadelphia  for  a  draft  on  St. 
Paul  drawn  at  90  days,  for  $  4800,  the  rate  of  exchange  being 
101}%  ? 

7.  A  sight  draft  was  purchased  for  $  550.62,  exchange 
being  at  a  premium  of  3J^%.     What  was  the  face  ? 

8.  An  agent  in  Syracuse,  N.Y.,  having  $  1324.74  due  his 
employer,  is  instructed  to  remit  the  same  by  a  draft  drawn  at 
30  days.  What  will  be  the  face  of  the  draft,  exchange  being  at 
1|%  premium? 

9.  My  agent  in  Charleston,  S.C.,  sells  a  house  and  lot  for 
.$  7500,  on  commission  of  1^%,  and  remits  to  me  the  proceeds 
in  a  draft  purchased  at  ^%  premium.    What  sum  do  I  receive  ? 

10.   A  man  in  Hartford,  Conn.,  has  $  4800  due  him  in  Balti- 
more.   How  much  more  will  he  realize  by  making  a  draft  for 
this  sum  on  Baltimore  and  selling  it  at  ^%  discount,  than  by 
having  a  draft  on  Hartford  remitted  to  him,  purchased  in  Bal- 
timore for  this  sum  at  \%  prem\\\Ta*^ 
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11.  The  Merchants'  Bank  of  Xew  York  having  declared  a 
dividend  of  6J%,  a  stockholder  in  Cincinnati  drew  on  the  bank 
for  the  sum  due  him,  and  sold  the  draft  at  a  premium  of  1|%, 
thus  realizing  9  508.75  from  his  dividend.  How  many  shares 
did  he  own  ? 

Foreign  Exchange. 

699.  Foreign  Exchange  relates  to  remittances  made  between 
different  countries. 

The  drafts  or  bills  of  exchange  are  expressed  in  the  money  of  the  coun- 
try in  which  they  are  made  payable. 

700.  A  Set  of  Exchange  is  a  bill  drawn  in  triplicate,  named 
First,  Second,  and  Third  of  exchange,  each  copy  being  valid 
until  the  amount  of  the  bill  is  paid.  These  copies  are  sent  by 
different  mails,  to  provide  against  miscarriage.  When  one  is 
paid,  the  others  are  void, 

SET   OF   EXCHANGE. 

£  700.  New  York,  Feb.  1,  1896. 

At  sight  of  this  First  of  Exchange  (Second  and  Third  of 

the  same  tenor  and  date  unpaid),  pay  to  the  order  of  Samuel 

Monmouth,  Seven  Hundred  Pounds  Sterling,  for  value  received, 

and  charge  the  same  to  the  account  of      h.  B.  Claflin  Co. 

To  Robins,  Barclay  &  Co., ) 
London,  England.  J 

This  is  the  form  of  the  first  hill ;  the  second  requires  only  the  change 
of  "  First  **  into  **  Second,"  and  of  **  Second  and  Third  of  the  same 
tenor,"  etc.,  into  **  First  and  Third  " ;  the  third  bill  varies  similarly. 

701.  The  Par  of  Exchange  is  the  estimated  value  of  the  coins 
of  one  country  as  compared  with  those  of  another,  and  is  either 
intrinsic  or  commerdaL     (See  pp.  204  and  205.) 

The  Intrinsic  Par  of  Exchange  is  the  comparative  value  of  the  coins  of 
different  countries,  as  determined  by  their  weight  and  purity. 

The  Commercial  Par  of  Exchange  is  the  comparative  value  of  the  coins 
of  different  countries,  as  determined  by  their  nominal  or  market  price. 

NoTB. — Tbe  Intrinsic  par  Is  always  tbe  same  while  th«  colas  remain  uucbMic^  V  but  thA 
commereiMl  pw,  being  determined  by  commercVal  \i%sy(e,  \%  tLw<:X>^%>\Tv^. 
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702.  Sterling  Bills,  or  Sterlins:  ExchaBgev  are  bills  on  Eng- 
land, Ireland,  or  Scotland,  or  any  of  the  British  colonies.  Such 
bills  are  negotiated  at  a  rate  fixed  without  reference  to  the  par 
of  exchange. 

703.  ExchtJigeB  with  Europe  are  effected  chiefly  through  the 
following  prominent  financial  circles :  London,  Paris,  Antwerp, 
Amsterdam,  Hamburg,  Frankfort,  Bremen,  Berlin,  Geneva,  etc 

The  rate  of  exchange  varies  with  the  amount  of  business  and  the  direc- 
tion of  money  remittances,  in  computing  exchange,  it  is  the  custom  in 
some  cases  to  state  the  value  of  the  United  States  monetary  unit  in  units 
and  fractions  of  a  unit  of  foreign  currency,  and  in  other  cases  to  express 
the  value  of  the  foreign  monetary  unit  in  dollars  and  fractions  of  a  dollar 
United  States  money. 

Thus,  quotations  of  exchange  on  London  give  the  value  of  £1  sterling 
in  dollars  and  cei^ts ;  on  Paris,  Antwerp,  and  Geneva,  the  value  of  f  i  in 
francs ;  on  Hamburg,  Frankfort,  and  Berlin,  the  value  of  4  reichsmarks, 
or  marks  in  cents  ;  on  Amsterdam,  the  value  of  1  guilder  or  florin  in  cenU, 

Note.  —  Foreign  bills  of  exchange  are  usaally  drawn  **  at  sight "  or  **  90  days  after  sight" 
The  former  are  known  as  short  bills  and  the  latter  as  long  bills. 

704.  The  following  table  shows  the  manner  in  which  quota- 
tions of  foreign  exchange  are  made  in  this  country. 

LoKO  Bills.  Sight  DsArrs. 

Sterling 4.88i  4.89J 

Francs 6.16]  6.16| 

Reichsmarks 95^9>951  96  ^^ 

Guilders *0}-40/j  40^^ 

Examples. 

705.  To  find  the  cost  of  a  foreign  bill  of  ezcluuige. 

1.  Find  the  cost  in  New  York  of  the  following  bill  on 
London,  at  3  da.  sight,  exchange  quoted  at  4.87^ : 

£  500.  New  York,  April  1,  1896. 

At  sight  of  this  First  of  Exchange  (Second  and  Third  un- 
paid), pay  to  the  order  of  John  Walker  &  Co.,  Five  Hundred 
Pounds  sterling,  value  received,  and  charge  the  same  to  the 
account  of  Brown  Brothers  &  Co. 

To  Baowx,  Shipley  &  Co.,\ 
London,  England.         \ 
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0PBRATI09. 

$  4.876  X  600  =  $  2437.60  Ans, 

Solution.  — Since  £1  costs  $4,876,  £600  will  cost  600  times  #4.876 
which  is  #2437.60. 

2.  Find  the  cost  of  a  bill  on  Paris  for  496  francs,  at  6.16. 

OPERATION. 

496  ^  6.16  =  $  96.12  Ans. 

Solution. — Since  6.16  francs  cost  $1,  496  francs  will  cost  as  many 
dollars  as  6.16  fran:»  are  contained  times  in  496  francs,  or  $90.12. 

3.  Find  the  cost  of  a  bill  of  exchange  on  Berlin  for  1760 
reichsmarks,  quoted  at  96}. 

opkration. 

$.9626 -^ 4  X  1760  =  $421.09  Ans. 

Solution.  —  Since  $  .9626  is  the  value  of  4  reichsmarks,  the  value  of 
1  reichsmark  is  J  of  $.9625,  and  the  value  of  1760  reichsmarks  is  1760 
times  the  quotient,  which  is  $421.09. 

4.  Find  the  cost  of  a  bill  of  exchange  on  Amsterdanii  for 
2000  guilders,  quoted  at  40|. 

OPBRATION. 

$  .40}  X  2000  =  $  806  Ana. 

Solution.  —  Since  1  guilder  costs  $.40),  2000  guilders  will  cost  2000 
times  $.40}  which  is  $806. 

Rule.  —  Multiply  tlie  face  of  the  hill  of  excliange  by  the  value 
of  the  foreign  monetary  unit  in  United  States  money.    Or, 

Divide  the  face  of  the  bill  of  exchange  by  the  value  of  91  in 
the  foreign  monetary  unit  expressed  decimxdly. 

6.  Find  the  cost  of  a  bill  on  Liverpool  for  £  600  16«.,  at 
$  4.86^. 

6.  Find  the  cost  of  a  bill  on  Geneva,  Switzerland,  for  6460 
francs,  at  6.21^. 

7.  Find  the  cost  of  a  bill  on  Hamburg  for  2660  reichsmarks, 
at  96|. 

8.  Find  the  cost  of  a  bill  on  Y?it\&  Iot  'IVvS^  Ir^s^s^s.  '^^^Si•\ 

ROB.  NEW  HIGHER  AR.  — 2ft 
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9.  What  is  the  cost  in  Portland  of  a  bill  on  Manchester, 
England,  for  £  325  3«.  9d.,  when  sterling  exchange  is  selling 
at  4.89^  ? 

10.  What  must  be  paid  in  Charleston  for  a  bill  of  exchange 
on  Pai-is  for  6000  francs,  exchange  being  at  5.31  ? 

11.  What  is  the  cost  in  Boston  of  a  bill  on  St.  Petersburg 
for  3000  rubles,  at  $  .772 ;  brokerage  \%? 

13.  What  will  be  the  cost  in  Boston  of  the  following  bill  of 
exchange  on  Liverpool,  exchange  being  at  4.87^  ? 

£  432.  Boston,  June  16,  1893. 

At  sight  of  this  First  of  Exchange  (Second  and  Third  of  same 
tenor  and  date  unpaid),  pay  to  the  order  of  J.  Simmons,  Bos- 
ton, Four  Hundred  Thirty-two  Pounds,  value  received,  and 
charge  the  same  to  account  of  James  Lowell  &  Co. 

To  Richard  Evans  &  Son,  \ 
Liverpool,  England.  J 

13.  A  merchant  in  Cincinnati  has  9087^  guilders  due  him 
in  Amsterdam,  and  requests  the  remittance  by  draft.  What 
sum  will  he  receive,  exchange  on  U.S.  in  Amsterdam  selling 
at  2.41  guilders  for  3 1  ? 

706.  To  find  the  face  of  a  bill  of  exchange. 

1.  What  will  be  the  face  of  a  bill  on  London,  that  can  be 
bought  in  New  York  for  $  5488.26,  exchange  being  quoted  at 
4.85? 

OPERATION. 

$  5488.26  ^  $  4.85  =  1131.6,  or  £  1131.6  =  £  1131  12s.  Ans, 

Solution.  —  Since  £  1  =  $4.85,  $5488.2B  will  equal  as  many  pounds  as 
$4.85  is  contained  times  in  $5488.26,  which  is  1131.6  tunes,  or  £  1131.6  = 
£1131  129. 

2.  What  will  be  the  face  of  a  bill  on  Pars,  bought  for 
$  325,  exchange  at  5.17  ? 

OPERATIOX. 

K  17  fraiioQ  V  ^9^  —  Solution.  —  Since  $1  =  5.17  francs.  $325 

5.17  trancs  X  6^d  -       ^  3^6  x  6.17  francs,  =  1680.25  francs. 

1680.25  francs  Aris. 
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3.  What  will  be  the  face  of  a  bill  on  Hamburg,  bought  for 
9  4000,  exchauge  being  quoted  at  96  ? 

OPERATION. 

*  .96  -i-  4  =  f  .24. 

$  4000  -3-  J  .24  =  16666}  reichsmarks  Ans. 

Solution.  —  Since  4  reichsmarks  =  #  .06,  1  reichsmark  =  }  of  $  .06  = 
$.24,  and  $4000  =  as  many  reictismarks  as  $.24  is  contained  times  in 
$4000  =  1666(Iy  times,  or  16666}  reichsmarks. 

Rule.  —  Divide  the  cost  ofexcliange  by  the  value  of  the  foreign 
monetary  unit  in  United  States  money.    Or, 

Multiply  the  cost  of  exdiange  by  the  value  of  $1  in  the  foreign 
monetary  unit  expressed  decimaUy. 

4.  Find  the  face  of  a  bill  on  Manchester,  England,  bought 
for  $  7500,  exchange  at  4.86. 

6.   Find  the  face  of  a  bill  on  Frankfort,  bought  for  $  395.75, 
exchange  at  95^. 

6.  Find  the  face  of  a  bill  on  Geneva,  Switzerland,  bought 
for  94856,  exchange  at  5.22^. 

7.  Find  the  face  of  a  bill  on  Amsterdam,  bought  for 
$  3750.67,  exchange  at  42f 

8.  Find  the  face  of  a  bill  on  Berlin,  bought  for  $  4000, 
exchange  being  93J. 

9.  Find  the  face  of  a  bill  on  Liverpool,  bought  for  $9720, 
exchange  being  quoted  at  4.86. 

10.  What  is  the  face  of  a  bill  on  London,  that  may  be  pur- 
chased in  New  York  for  $  277.42,  exchange  being  quoted  at 
4.85? 

11.  What  is  the  face  of  a  bill  on  Hamburg,  bought  in  New 
Orleans  for  $  4500,  exchange  being  at  95  ? 

12.  An  agent  in  Boston  having  $7536.30  due  his  employer 
in  England,  is  directed  to  remit  by  aTiill  on  Liverpool.  What 
is  the  face  of  the  bill  which  he  can  purchase  for  this  money, 
exchange  selling  at  4.91^  ? 
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13.  A  trader  in  London  wishes  to  invest  £2500  in  mer- 
chandise in  Lisbon.  If  he  remits  to  his  correspondent  at  Lis- 
bon a  bill  purchased  for  this  sum,  at  the  rate  of  4.51  mUreis 
to  the  pound  sterling,  what  sum  in  the  currency  of  Portugal 
will  the  agent  receive  ? 

14.  A  draft  on  Dublin  for  £  360  cost  $  1751.94.  What 
was  the  rate  of  exchange  ? 

16.  A  merchant  in  Baltimore  having  received  an  importa- 
tion from  Madeira,  invoiced  at  1500  milreis  (1  milreis  =  1000 
reis),  allows  his  correspondent  in  Madeira  to  draw  on  him  for 
the  sum  necessary  to  cover  the  cost,  exchange  on  the  United 
States  being  in  Madeira  931^^  reis  to  the  dollar.  How  much 
would  the  merchant  have  saved  by  remitting  a  draft  on  Ma- 
deira, purchased  at  9 1.065  per  milreis  ? 

16.   What  is  the  rate  of  exchange  on  Berlin  when  $  213.50 
is  paid  for  890  marks  ? 

Arbitration  of  Exchange. 

707.  Arbitration  of  Exchange  is  the  process  of  computing 
exchange  between  two  places  by  means  of  one  or  more  inter- 
mediate exchanges. 

NoTBB.  —  1.  When  there  is  only  one  intermediate  exchange,  the  process  Is  csOed  Hmpls 
arbitration ;  when  there  are  two  or  more  intermediate  exchanges,  the  process  la  called 
oompoiMuf-  arbitraHoH. 

2.  The  arbitrated  price  is  generallj  either  greater  or  less  than  the  price  of  direct 
exchanges ;  and  the  object  of  arbitration  Is  to  ascertain  the  best  route  for  making  drafts  or 
remittances. 

708.  There  are  always  three  methods  of  receiving  money 
from  a  place,  or  of  transmitting  money  to  a  place,  by  means  of 
indirect  exchange  through  one  intervening  place.    Thus, 

If  A  is  to  receive  money  from  C  through  B : 

Ist.  A  may  draw  on  B,  and  B  draw  on  C ; 
2d.  A  may  draw  on  B,  and  C  remit  to  B ; 
3d.   B  may  draw  on  C,  and  remit  to  A. 

If  A  is  to  transmit  money  to  C  through  B : 

Ist.  A  may  remit  to  B,  and  B  remit  to  C ; 
Sd.  A  may  remit  to  B,  and  C  dxvw  oxv^  \ 
3d.  Bmay  draw  on  A,  and  TeTn\\.u>C. 


ARBITRATION   OF  EXCHANGE.  405 

Examples. 

709.  To  compute  indirect  ezchansre. 

1.  A  man  in  Albany,  N.  Y.,  paid  a  demand  in  Paris  of 
5400  francs,  by  remitting  to  Amsterdam  at  the  rate  of  $  .41^ 
per  guilder,  and  thence  to  Paris  at  the  rate  of  2.15  francs  per 
guilder.     How  much  United  States  money  was  required  ? 

Solution.  —  We  are  to  deter- 

OPS  RATION 

^  K4AA  r  ™^'*®  ^^^  much  United   States 

^  ?  =  54aU  trancs.  money  is  equal  to  6400  francs, 

2.15  francs   =        1  guilder.  and  to  do  this  we  must  first  find 

1  guilder  =  9  .41  J.  how  many  guilders  there  are  in 

5400  francs.      Now,    since   2.15 
.083  francs  =  1  guilder,   5400  divided 

5400  X  .415       4fc  1 A40  Qo     j««         ^y  2.15  will  give  the  number  of 
f  ^^  =  9  1\)^.6Z    AflS.        guilders  ;  and  that  quotient  multi- 

^'^  plied  by  $.416  (the  value  of  one 

guilder),  will  give  the  number  of 
dollars.  Hence,  5400  and  .415  are  multipliers  and  2.15  is  a  divisor.  The 
units  of  currency  being  canceled  and  the  work  being  abridged  also  by 
canceling  common  factors,  we  have  9 1042.32  +,  the  required  sum. 

2.  A  resident  of  Naples,  having  a  bequest  of  9  8720  made 
him  in  Boston,  orders  the  remittance  to  be  made  to  his  agent 
in  London,  who  remits  the  proceeds  to  Naples,  reserving  his 
commission  of  ^  %  on  the  draft  sent.  If  exchange  on  London 
is  quoted  at  $  4.875  in  Boston,  and  the  rate  between  London 
and  Naples  is  25.53  lire  to  the  pound  sterling,  how  much  does 
the  man  realize  from  his  bequest  ? 

oPERATioir.  SonTioN.  —  We   make   the 

?  lire  =  9  8720.  statement  as  in  the  first  example, 

%  4  875  =  £  1  according  to  the  given  rates  of 

rt  ^         __  o--  KQ  r  exchange.   Then  since  the  agent 

*/ 1  ^     —  ^^-^  ^^^-  is  to  deduct  J%  commission  on 

1.005     =  1 the  face  of  the  draft  before  the 

1744        8  51  purchase,  the  number  of  pounds 

ck^oA  w  9^^  ivii  must  be  divided  by  1.006  (§  636, 
^cTtI     Tiu!^  =  45438.77  lire   Am.  III).    We  place  1.006  on  the 

4.»7oX  /.f)pp  left  as  a  divisor  and  obtain  by 

-%9%  cancellation,  multiplication,  and 

.067  division,  45438.77  lire  aa  the  Qro- 


\ 
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3.  A  merchant  in  Chicago  directs  his  agent  in  Albany  to 
draw  upon  Baltimore  at  1  %  discount^  for  9 1200  due  from  the 
sales  of  produce;  he  then  draws  upon  the  Albany  agent,  at  2% 
premium,  for  the  proceeds,  after  allowing  the  agent  to  reserve 
^%  for  his  commission.  What  sum  does  the  merchant  realize 
from  his  produce  ? 

opBRATioir.  SoLUTioH.  —  Accord- 

*  ?    Q  __  1200  B.  ^^  ^  ^^®  given  rates  of 

100  B  =      QQ  A  exchange,  100  dollars  in 

1/in  A  ""    1 A9  p'  Baltimore  equal  99  dol- 

lUU  A  =    lU-J  Kj.  lars  in  Albany  ;  and  100 

1  =  .995  dollars  in  Albany  equal 

3  102  dollars  in  Chicago ; 

;?)»)»  X  99  X  102  X  .199       ^.  ^^  -^     .         and  since  the  unit  of 

100  X  100 ~  #1/U0.<i;  Ans.    currency  is  the  same  in 

Ary       Mn'  pj^jjj,  place,  being  f  1,  we 

^y  represent  its  exchange 

^  value  in  each  town  by 

the  initial  letter,  and  make  the  statement  as  in  the  other  examples.  Then, 
since  the  agent  is  to  resenre  \  %  commission  from  the  avails  of  his  draft, 
we  place  1  —  .006  =  .995,  §  636,  on  the  right  as  a  multiplier,  and  obtain 
by  cancellation  91206.70. 

Rule.  —  I.  Represent  the  required  sum  by  (f),  with  the  proper 
unit  of  currency  affixedy  and  place  it  equal  to  the  given  sum  on 
the  riglU. 

II.  Arrange  the  given  rates  of  exchange  so  that  in  any  ttco 
consecutive  equations  the  same  unit  of  currency  shall  stand  on 
opposite  sides. 

III.  W/ien  there  is  commission  for  drawing,  place  1  minus  the 
rate  on  the  left  if  the  cost  of  exchange  is  required,  and  on  tJie  right 
if  proceeds  are  required;  and  when  there  is  commission  for  remit- 
ting, pkice  1  plus  the  rate  on  the  right  if  cost  is  required,  and  on 
the  left  if  proceeds  are  required. 

IV.  Divide  the  product  of  the  numbers  on  the  right  by  the 
product  of  the  numbers  on  the  left,  canceling  equal  factors;  the 
result  will  be  the  answer. 

Notes.  —  I.  Commission  tor  druvrVng  \ft  Qnmm\&%\Qu  on  the  %cd€  fit  %  draft ;  oommlMlon 
ibr  remttting  to  oommlsslon  on  the  puroKa%«  v^tA  ot  «^  ^T«It. 

i.  The  Mbore  method  Is  aom«tl]&M  oaX\e^  Wxe  oHaiiv  r-ul*,  «t  eoirN)<Au«a.  propwrtVm, 
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4.  When  exchange  at  New  York  on  Paris  Is  5  francs  16  cen- 
times per  $  1,  and  at  Paris  on  Hamburg  1.23  francs  per  mark, 
what  will  be  the  arbitrated  price  in  New  York  of  7680  marks 
on  Hamburg  ? 

6.  A  man  in  Philadelphia  wishes  to  deposit  $5000  in  a 
bank  at  Stockholm,  by  remitting  to  Liverpool  and  thence  to 
Stockholm.  If  the  rate  of  exchange  on  Liverpool  is  4.91  in 
Philadelphia,  and  the  rate  between  Liverpool  and  Stockholm 
is  18 J-  crowns  to  £  1,  how  much  money  will  the  man  have  in 
bank  at  Stockholm,  allowing  the  agent  at  Liverpool  \%  for 
remitting  ? 

6.  A  man  in  Cleveland  wishes  to  draw  on  New  Orleans  for 
a  bank  stock  dividend  of  $  750,  and  exchange  direct  on  New 
Orleans  is  1J%  discount.  How  much  will  he  save  by  drawing 
on  his  agent  in  New  York  at  H%  premium,  allowing  his  agent 
to  draw  on  New  Orleans  at  1%  discount,  brokerage  at  ^%  ? 

7.  A  man  in  Boston  drew  on  Amsterdam  for  6000  guilders 
at  $  .415  per  guilder.  How  much  more  would  he  have  received 
if  he  had  ordered  remittance  to  London,  and  thence  to  New 
York,  exchange  at  Amsterdam  on  London  being  11.19  guilders 
per  £  1,  and  at  London  on  New  York  4.88,  brokerage  at  1J% 
in  London  for  remitting  ? 

8.  If  at  Philadelphia  exchange  on  Liverpool  is  4.89^,  and 
at  Liverpool  on  Paris  24  francs  9G\  centimes  per  £  1,  what  is 
the  arbitrated  rate  of  exchange  between  Philadelphia  and 
Paris,  through  Liverpool  ? 

9.  An  American  resident  of  Amsterdam  wishing  to  obtain 
funds  from  the  United  States  to  the  amount  of  $  6400,  directs 
his  agent  in  London  to  draw  on  the  United  States  and  remit 
the  proceeds  to  him  in  a  draft  on  Amsterdam,  exchange  on  the 
United  States  being  at  4.85  in  London,  and  the  rate  between 
London  and  Amsterdam  being  18rf.  per  guilder.  If  the  agent 
charges  commission  at  ^%  both  for  drawing  and  remitting, 
how  much  better  is  this  arbitration  than  to  draw  directly  on 
the  United  States  at  41  cents  pet  gvn\dj^t*> 
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AVBSAGS  OR  EQUATION  OF  PATMENTS. 

710.  Equation  of  Payments  is  the  process  of  finding  the 
time  when  two  or  more  debts  due  at  different  times  may  be 
paid  at  once,  without  loss  to  either  debtor  or  creditor. 

711.  The  Term  of  Credit  is  the  time  that  must  elapse  before 
a  debt  becomes  due. 

712.  The  Ayerage  Term  of  Credit  is  the  time  that  must  elapse 
before  several  debts,  due  at  different  times,  may  all  be  paid  at 
once,  without  loss  to  debtor  or  creditor. 

713.  The  Equated  Time  is  the  date  at  which  the  several 
debts  may  be  canceled  by  one  payment. 

714.  To  Ayerage  an  Account  is  to  find  the  mean  or  equitable 
time  of  payment  of  the  balance. 

715.  A  Focal  Date  is  a  date  with  which  all  the  others  are 
compared  in  averaging  an  account. 

NoTSS.  —1.  Adj  dAte  may  be  taken  as  a  focal  date,  but  It  Is  oaaal  to  take  either  the 
earliest  or  btast  date  at  which  any  of  the  debts  become  doe  as  the  staadard. 

8.  Eaeh  item  of  a  book  account  draws  interest  from  the  time  It  Is  due,  which  may  be 
either  at  the  date  of  the  traosactlon,  or  after  a  spedfled  term  of  credit 

716.  In  averaging,  there  are  two  kinds  of  equations.  Simple 
and  Compound. 

A  Simple  Equation  is  the  process  of  finding  the  average  time  when  the 
account  C(>ntains  only  one  side,  wliich  may  be  either  a  debit  or  credit 
side. 

A  Compound  Equation  is  the  process  of  averaging  when  both  debts 
and  credits  are  to  be  considered. 

717.  The  computations  are  based  on  the  following  principles : 
Principles.  — I.   Any  debt  is  subject  to  legal  interest  from  the 

time  it  is  due, 

II.  The^  interest  of  a  sum  for  a  given  time  equals  the  interest 
of  twice  the  sum  for  half  the  timey  etc, 

III.  The.  payment  of  a  sum  before  it  is  due  is  offset  by  keeping 
an  equai  sum  an  equal  time  ajter  it  is  due. 
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Examples. 

718.  To  find  the  equated  time  when  all  the  terms  of  credit 
begin  at  the  same  date. 

1.  In  settling  with  a  creditor  on  the  first  day  of  April,  I 
find  that  I  owe  him  $  12  due  in  5  months,  $  15  due  in  2  months, 
and  9 18  due  in  10  months.  At  what  time  may  I  pay  the 
whole  amount  ? 

OPERATION.  SOLUTIOH. — The 

9 12  X    5  =    60  whole    amount   to   be 

^  •.         o  __    oA  paid,  as  is  seen  in  the 

10  X    ^—    ^  operation,  is  ^45;  and 

18  X  10  =  180  we  are  to  find  how  long 

« 45  270  ^'  ®^^^  ^®  withheld,  or 

what  term  of  credit  it 
270  -«-  45  =  6  mo.,  average  time  of  credit,   shall  have,  as  an  equiv- 

April  1,  -f  6  mo.  =  Oct.  1  Ans,  alent   for   the  various 

terms  of  credit  on  the 
different  items.  Now  the  value  of  credit  on  any  sum  is  measured  by  the 
product  of  the  money  and  time.  Therefore,  the  credit  on  912  for  5 
months  =  the  credit  on  $60  for  I  month,  because  12  x  5=  60  x  1.  In 
like  manner,  we  have  the  credit  on  $16  for  2  months  =  the  credit  on  9  SO 
for  1  month  ;  and  the  credit  on  $  18  for  10  montlis  =  the  credit  on  $180 
for  1  month.  Hence,  by  addition,  the  value  of  the  several  terms  of 
credit  on  their  respective  sums  equals  a  credit  of  1  month  on  $270  ;  and 
this  equals  a  credit  of  6  months  on  $  45,  because  45  x  6  =  270  x  1 ;  hence 
the  equated  time  is  6  months  after  April  1  or  Oct.  1. 

KuLE.  —  I.  Multiply  each  payment  by  its  term  of  credit,  and 
divide  the  sum  of  the  products  by  the  sum  of  the  jxnyments;  the 
quotient  vrUl  be  the  average  term  of  credit. 

n.  Add  the  average  term  of  credit  to  the  date  at  whicli  all  the 
credits  begin;  the  resuM  wiU  be  the  equated  time  of  payment, 

Nom.  —  1.  Th«  periods  of  time  used  m  maltlpUerB  mast  all  be  of  the  same  denomi- 
nation, and  the  quotient  wrill  be  of  the  same  denorolnation  as  the  terms  of  credit ;  if  these 
are  montha,  and  there  is  a  remainder  after  the  division,  continue  the  division  to  days  by 
redaction,  always  taking  the  nearest  unit  in  the  last  result 

8.  The  seTeral  rules  In  equation  of  payments  are  based  upon  the  principle  of  bank  dis- 
count;  ft^r  they  imply  that  the  di&cowU  of  a  sum  paid  before  it  is  due  equals  the  interMt 
of  the  same  sum  paid  after  it  is  due. 

2.  On  the  first  day  of  January,  1892,  a  man  gave  3  notes, 
the  first  for  9  500  payable  in  30  days ;  the  second  for  9  400 
payable  in  60  days;  the  third  ioi  IJ^QO  ^wj^\<i  \\sl^  ^^k?^^. 
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What  was  the  average  term  of  credit,  and  what  the  equated 
time  of  payment  ? 

3.  I  owe  $480  payable  in  90  days,  and  $320  payable  in  60 
days.  My  creditor  consents  to  an  extension  of  time  to  1  year, 
and  oifers  to  take  my  note  for  the  whole  amount  on  interest 
at  6%  from  the  equated  time,  or  a  note  for  the  present  worth 
of  both  debts,  on  interest  from  date.  How  much  shall  I  gain 
if  I  choose  the  latter  condition  ? 

4.  A  man  purchased  real  estate,  and  agreed  to  pay  ^  of  the 
price  in  3  months,  ^  in  8  months,  and  the  remainder  in  1  year. 
Wishing  to  cancel  the  whole  obligation  at  a  single  payment, 
how  long  may  this  payment  be  deferred  ? 

5.  I  bought  merchandise  April  1,  as  follows:  $280  on  3 
months,  $300  on  4  months,  $200  on  5  months,  $560  on  6 
months.     What  is  the  equated  time  of  payment  ? 

719.  To  find  the  equated  time  when  the  terms  of  credit  begin 
at  different  dates  and  the  account  has  only  one  side. 

1.  When  does  the  amount  of  the  following  bill  become  due, 
by  averaging  ? 

Charles  Crosby, 

1896.  To  Bronson  &  Co.,  Dr. 

Jan.  12.     To  Mdse $400 

"    16.      "  Mdse.  on  2  mo 600 

Apr.  20.      "  Cash 375 


FIRST  OPERATION. 


SECOND  OPERATION. 


75526  -s- 1375  =  55  days. 

An8  /  ^  ^*^®  *^^'  "^^^^  ^^* 
'  (     or  Mar.  7. 


Da«. 

Da. 

64 
99 

Items. 

Prod. 

Dae. 

Da. 

99 

35 

0 

Items. 

Prod. 

Jan.  12 
Mar.  16 
Apr.  20 

400 
600 
376 

38400 
87125 

Jan.  12 
Mar.  16 
Apr.  20 

400 
600 
876 

89600 
21000 

1376 

75525 

1375 

60600 

60600  ^  1375  =  44  days. 
^^^  \^44  dakya  before  Apr.  20, 
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Solution.  — The  three  items  of  the  bill  are  due  Jan.  12,  March  16,  and 
April  20,  respectively.  In  the  first  operation  we  use  the  earliest  maturity, 
Jan.  12,  for  a  focal  date,  and  find  the  difference  in  days  between  this  date 
and  each  of  the  others,  taking  into  account  the  exact  number  of  days  in 
each  calendar  month ;  thus,  from  Jan.  12  to  March  16  is  64  days  (in 
leap  year) ;  from  Jan.  12  to  April  20  is  99  days.  Hence,  from  Jan.  12  the 
first  item  has  no  credit,  the  second  has  64  days'  credit,  and  the  third  99 
days*  credit,  as  appears  in  the  column  marked  da.  We  now  proceed  to 
find  the  products  as  in  §  718,  whence  we  obtain  the  average  credit,  54.9 
or  65  days,  and  the  equated  time,  March  7. 

In  the  second  operation,  the  latest  maturity,  April  20,  is  taken  for  a 
focal  date,  and  the  work  may  be  explained  thus  :  Suppose  the  account  to 
be  settled  April  20.  At  that  time  the  first  item  has  been  due  99  days, 
and  must  therefore  draw  interest  for  this  time.  But  interest  on  $  400  for 
99  days  =  the  interest  on  $  39600  for  1  day.  The  second  item  must  draw 
interest  35  days ;  but  interest  on  $  600  for  35  days  =  interest  on  $  21000 
for  1  day.  Taking  the  sum  of  the^products,  we  find  that  the  whole 
amount  of  interest  due  April  20  =  the  interest  on  $  60600  for  1  day  ;  and 
this  is  found,  by  division,  equal  to  the  interest  on  $  1375  for  44  days, 
which  is  the  average  term  of  interest.  Hence  the  account  would  be  set- 
tled April  20,  by  paying  $  1375,  with  interest  on  the  same  for  44  days. 
This  shows  that  $  1375  has  been  used  44  days,  that  is,  it  falls  due  March 
7,  toithout  interest, 

KuLE.  —  I.  Fvid  the  time  at  which  eacJi  item  becomes  due,  by 
adding  to  the  date  of  each  transaction  tlie  term  of  credit,  if  any  is 
specified,  and  write  these  dates  in  a  column. 

II.  Assume  either  the  earliest  or  the  latest  date  for  a  focal  date  ; 
find  the  difference  in  days  between  Uie  focal  dale  and  each  of  the 
other  dates,  and  write  the  results  in  a  second  column. 

III.  Write  the  items  of  the  account  in  a  third  column,  and 
multiply  each  by  the  corresponding  number  of  days  in  the  preced- 
ing column,  writing  the  products  in  a  fourth  column. 

IV.  Divide  the  sum  of  the  products  by  the  sum  of  the  items. 
The  quotient  will  be  the  average  term  of  credit,  when  the  earliest 
date  is  the  focal  date,  or  the  average  term  of  interest,  when  the 

m 

latest  date  is  the  focal  date.    In  either  case,  reckon  from  the  focal 
date  TOWARD  the  other  dates,  to  find  the  equated  time  of  payment. 

Norn.  —  ].  When  dollsrs  ftnd  cents  are  given.  It  Is  generally  sufficient  to  take  onlj 
dollars  In  the  multiplicand,  re)ectlng  the  cents  when  less  than  00,  and  carrjlng  1  to  the  dol- 
lars, If  the  cents  are  more  than  SO. 

S.  Months  In  any  terms  of  credit  are  nnderstood  to  be  calendar  months ;  the  time  mnst 
therefore  be  carried  forward  to  the  same  day  of  th«  mouUv  Vu  vrUlctai  thA  term  of  credit 
expircA 
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2.  Find  the  equated  time  of  payment  of  the  following  bill : 

James  Gordon, 

1896.  To  Henry  Lancey,  Dr, 

Mar.    4.  To    100  yd.  Cassimere,        @  $  2.50 *  250 

"      25.  "    3000    "    French  Prints,  "       .12 360 

Apr.  16.  «    1200    "    Sheeting,  "       .08 96 

«      30.  "     400    "    Oil  Cloth,  "       .50 200 

May  17.      "      Sundries 350 

June    1.      "      100  yd.  Cassimere,        @    2.50 250 

3.  I  sell  goods  to  A  at  different  times,  and  for  different 
terms  of  credit,  as  follows : 

Sept.  12,  1895,  a  bill  on  1  mo.  credit,  for ^180 

Oct.      7,     "  "  1  "  "  300 

Nov.  16,     "  "  2  "  "  150 

Dec.   20,     "  «  3  "  "  350 

Jan.   25, 1896,  «  1  "  «  130 

Jan.   28,     «  "  1  "  «  200 

Feb.   24,     «  "  1  «  «  140 

If  I  take  his  note  in  settlement,  at  what  time  shall  interest 
commence  ? 

4.  What  is  the  average  of  the  following  account  ? 

1896,  Oct.     1.  Mdse.,  on  60  days f  240 

"     Nov.  12.  «  "  «         500 

"     Dec.  18.  «  "  «         436 

1897,  Jan.  16.  «  "  "         325 

"     Feb.  24.  «  "  "         436 

"     Mar.  17.  «  "  "         637 

"     Mar.  20.  "  «  "          600 

"     Apr.  15.  «  «  " 600 

6.   I  have  4  notes,  as  follows :   The  first  for  $  350,  due  Aug. 

16,  1895 ;  the  second  for  $  250,  due  Oct.  15,  1895 ;  the  third 

for  $  300,  due  Dec.  14,  1895 ;  the  fourth  for  $  248,  due  Feb. 

12, 1896.     When  shall  a  note  for  which  I  may  exchange  the 

four  he  made  payable  ? 
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720.  To  find  the  equated  time  when  the  terms  of  credit  begin  at 
different  times,  and  the  account  has  both  a  debit  and  a  credit  side. 

1.   Find  at  what  date  the  following  account  may  be  paid, 
without  loss  to  either  debtor  or  creditor : 


Dr. 


JOHH  LtMAN. 


Cr. 


1896. 
Jnne  12 
Sept.  12 
Oct.  28 

To  Mdse. 

4«               «« 

**  Sundries, 

630 
428 
440 

00 
00 
00 

1896. 
Jane  24 
Aag.  20 
Oct,      8 

Bt  Draft  at  80  dft. 
•'  Cash, 

s 

480 
280 
140 

00 
00 
00 

Dr. 


OPERATION. 


Cr. 


Focal  ) 
date,   f 


Due. 

Da. 

Items. 

Products. 

Due. 

Da. 

Items. 

Products. 

June  12 
Sept.  12 
Oct.  28 

188 

46 

0 

680 

428 
440 

78140 
19688 

July  27 
Aug.  20 
Oct.     8 

98 
09 
20 

480 
280 
140 

44640 

16870 

284)0 

1898 
850 

92828 
68810 

850 

68810 

Balances, 

648 

29518 

29518  -f-  548  =  54  da.,  average  term  of  mterest. 
Oct.  28  —  54  da.  =  Sept.  4,  balance  due  Ans. 

SoLUTioir.  —  In  this  operation  we  have  written  the  dates  of  maturity 
on  either  side,  allowing  three  days^  grace  to  the  draft.  The  latest  date, 
Oct.  28,  is  assumed  as  the  focal  date  for  both  sides,  and  the  two  columns 
marked  da.  show  the  difference  in  days  between  the  focal  date  and  each 
of  the  other  dates.  The  products  are  obtained  as  in  §  719,  and  the 
balance  is  found  between  the  items  on  the  two  sides,  and  also  between 
the  products. 

These  balances,  being  both  on  the  Dr.  side,  show  that  John  Lyman  on 
the  day  of  the  focal  date,  Oct.  28,  owes  $548,  with  interest  on  129518  for 
1  day.  By  division,  this  interest  is  found  to  be  equal  to  the  interest  on 
9  548  for  54  days.  Hence  this  balance,  8  548,  has  been  due  54  days  ;  and 
reckoning  back  from  the  focal  date,  we  obtain  the  equated  time  of  pay- 
ment, Sept.  4. 

Had  we  taken  the  earliest  maturity,  June  12,  for  the  focal  date,  we 
should  have  obtained  84  days  for  the  interval  of  time  ;  and  since  in  this 
case  the  products  would  represent  the  credit  to  which  the  several  items 
are  entitled  <^/ler  June  12,  we  should  add  84  days  to  the  focal  date,  which 
would  give  Sept,  4,  as  before. 
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2.  What  is  the  balance  of  the  following  account  and  when 
is  it  due  ? 
Dr,  Charlls  Derby.  Or. 


1895. 

1895. 

Jan.    21 

To  Mdse. 

82 

00 

Jan.    1 

B^Casb. 

S4 

00 

Mar.     5 

««            44 

146 

00 

Feb.    4 

40 

00 

"       22 

«4           44 

194 

00 

Mar.  80 

i(              44 

12 

00 

Dr. 


OPBRATION. 


O. 


Due. 

Da. 

Items. 

Plnodncts. 

Dne. 

Da. 

Items. 

Products. 

Jan.  21 
Mar.    5 

»♦     22 

68 
25 

8 

82 
145 
194 

2176 
8625 
1552 

Jan.    1 
Feb.    4 
Mar.  80 

88 

54 

0 

84 
40 
12 

7892 
2160 

871 
186 

7858 

186 

9552 
7858 

BaUnoe  of  aooonnt, 

285 

Balance  of  prodaota, 

2199 

2190  -^  236  =  9  da. ;  Mar.  30  +  9  da.  =  Apr.  8  Ans, 

Solution.  —  We  take  the  latest  maturity,  March  30,  for  the  focal  date, 
and  consequently  the  products  represent  the  interest  due  upon  the  several 
items,  at  that  date.  We  find  the  balance  of  the  items  upon  the  Dr.  side, 
and  the  balance  of  the  products  upon  the  Cr.  side.  The  debtor  therefore 
owes,  on  March  30,  $  285,  but  is  entitled  to  such  a  term  of  interest  on  the 
same  as  will  be  equivalent  to  the  Interest  on  $2199  for  1  day,  which  by 
division,  is  found  to  be  9  days.  Hence  the  balance  is  due  March  30  -f  9  da. 
=  April  8.  llius  we  see  that  when  the  balances  are  on  opposite  sides, 
the  interval  of  time  is  counted  from  the  other  dates.  If  we  take,  in  this 
example,  the  earliet^t  date  for  the  focal  date,  the  balances  will  both  be 
upon  the  Dr.  side,  and  the  interval  of  time  will  be  97  days,  which,  reckoned 
forward  from  the  focal  date,  will  give  the  equated  time  as  before. 

BuLE.  —  I.  Find  the  time  when  each  item  of  the  account  is 
due,  and  write  the  dates,  in  tico  columns,  on  the  sides  of  the 
account  to  which  they  respectively  belong. 

II.  Use  either  the  earliest  or  the  latest  of  these  dates  as  the 
focal  date  for  both  sides,  and  find  the  products  as  in  §  719. 

III.  Divide  the  balance  of  the  products  by  the  balance  of  the 
account;  the  quotient  will  be  the  interval  of  time,  which  must  be 
reckoned  from  the  focal  date  toward  the  other  dates  when  both 
batances  are  on  the  same  side  of  the  account,  but  from  the  other 

(fates  when  the  balances  are  oi  opposite  s\de%  oj  ilv*  QiRfto>wR.\. 
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Nam.  —  !.  Instead  of  the  prodnota,  we  may  obtain  the  Interest,  at  any  per  cent,  on 
the  several  Items  A>r  the  corresponding  Intervals  of  time,  and  divide  the  balance  of  Interest 
by  the  interest  on  the  balance  of  the  account  for  1  day ;  the  quotient  will  be  the  interval  of 
time  to  be  added  to,  or  subtracted  from,  the  focal  date,  according  to  the  rule.  The  time 
obtained  will  be  the  same,  at  whatever  rate  the  interest  may  be  computed. 

2.  There  may  be  such  a  combination  of  debits  and  credits,  that  the  equated  time  will  be 
earlier  or  later  than  any  date  of  the  account. 

3.  Find  the  average  maturity  of  the  following  account: 


Dr. 


A.  B.  Armour. 


Or. 


1897. 

Feb.    12 

26 

AprO  16 

May    20 

To  Mdse. 
>«      t» 

ti      «« 

««      t« 

86 

86 

174 

94 

76 
24 
96 

78 

1897. 
Mar.   15 
April  17 
May    26 
June    8 

By  Bal.  old  acc't 
*^  Cash 

41            tt 

"  Sundries 

97 
66 
25 
94 

86 

00 
00 
75 

Dr. 


OPBRATIOy. 


Cr. 


Due. 

Da. 

Items. 

Interest. 

Due. 

Da. 

Items. 

Interest. 

Feb.    12 

"       25 

Aprfl  16 

May    20 

116 

108 

58 

19 

86.75 

86.24 

174.96 

94.78 

1.66 
.62 

1.55 
.80 

Mar.   15 
April  17 
May   25 
June    8 

86 
62 
14 

97.86 
66.00 
25.00 
94.75 

1.88 
.49 
.06 

891.78 
278.11 

4.18 
1.98 

1 

278.11 

1.98 

Balances, 

118.62 

2.20 

Int.  on  $  118.02  for  1  da.  =  $.0108. 

2.20  -^  .0198  =  111  da. ;  June  8  -  111  da.  =  Feb.  17,  1807  Am.' 

Solution.  —  Taking  the  latest  maturity,  June  8,  for  the  focal  date,  we 
find  the  interest  of  each  item,  at  6%,  from  its  maturity  to  the  focal  date ; 
then,  taking  the  balance,  we  find  the  interest  due  on  the  account  to  be 
f  2.20.  Dividing  this  interest  by  the  interest  on  the  balance  of  the  items 
for  1  day,  we  obtain  111  days,  the  time  required  for  the  interest,  $2.20,  to 
accrue.  The  average  maturity,  there|ore,  is  June  8—111  da.  =  Feb  17, 
1897.  It  is  evident  that  when  the  balances  occur  on  opposite  sides,  the 
interval  of  time  will  be  reckoned  as  in  the  method  by  products. 


4.   Find  the  average  maturity  of  the  following  account : 


Dr. 


Tbosias  Lardner. 


Or. 


1896. 

1696. 

March  1 

To  Sundries, 

486 

00 

March  25 

By  Draft,  at  60  da. 

400 

00 

April   12 

'*  Mdse. 

548 

00 

April     6 

••      ..            ^  » 

660 

00 

Jnly     16 

U            I* 

812 

00 

June   20 

"    Cash, 

200 

00 

Sept.    14 

(t             41 

686 

00 

Sm%,     8 

V 

k    ^^«» 

I 
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5.  Find  the  average  maturity  of  the  following  account: 
Dr,  David  Sanfobd.  Or. 


1895. 

1896. 

Feb.      1 

To  Mdse.  on  8  mb. 

64 

86 

April    1 

By  Cash, 
'^  Draft,  at  80  da. 

50 

00 

1« 

li          «t             ii    O    ti 

88 

45 

Mfty   16 

SO 

00 

MArohl6 

**  Sundries, 

95 

75 

June  18 

(1     t« 

185 

00 

June    80 

*'   Mdse. 

86 

88 

"     80 

"  Cash 

150 

00 

6.   If  the  following  account  were  settled  April  6,  1894,  by 
draft  on  time,  how  many  days*  credit  should  be  given  ? 

Dr,  Olivbr  Wainwrioht.  (h. 


1894. 

1894. 

Feb.      1 

To  Mdse. 

86 

78 

Jan.     10 

By  Gash, 

96 

78 

Maroh  1 

«t             4i 

48 

85 

81 

«»           41 

85 

84 

March  17 

((             (1 

78 

86 

March  88 

"   Sundries, 

15 

IT 

April     1 

«(             tt 

98 

48 

April     6 

«t                   4( 

8 

96 

7.  Find  the  average  maturity  of  the  following  account: 
Dr,  John  Wolcott.  Ct, 


1895. 

1895. 

Feb.      1 

To  Mdse. 

448 

00 

Feb.  80 

By  Amt  hroujirht  forM 
'^lOsTTtage. 

560 

00 

4 

"   Cash 

864 

00 

**     88 

«64 

00 

"       80 

14             44 

888 

00 

"     85 

"  Cash 

900 

00 

8.  I  owe  $  1000  due  April  25.  If  I  pay  9  660  April  1,  and 
9  324  April  21,  when,  in  equity,  should  I  pay  the  balance  ? 

NoTB.  —  Make  the  $  1000  the  Dr.  side  of  an  account,  and  the  payments  the  Cr.  side,  and 
then  average. 

9.  A  man  owes  $  684,  payable  Aug.  12,  and  9  468,  payable 
Oct.  15.  If  he  pays  $  839,  Aug.  1,  what  will  be  the  equated 
time  for  the  payment  of  the  balance  ? 

10.  A  man  holds  3  notes,  the  first  for  $500,  due  March  1, 
the  second  for  $  800,  due  June  1,  and  the  third  for  9  600,  due 
Aug.  1.  He  wishes  to  exchange  them  for  two  others,  one  of 
which  shall  be  for  f  1000,  payable  April  1.  What  will  be  the 
face  and  when  the  maturity  of  the  others  ? 

11.  A  owes  <f  500,  due  April  12,  and  <f  1000,  due  Sept  20, 
and  wishes  to  discharge  the  obligation  by  two  equal  payments, 
made  at  an  interval  of  60  days.   When  must  the  two  payments 

be  made  ? 
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ACCOUNT  SALES. 

721.  An  Accottnt  Sales  is  an  account  rendered  by  a  commis- 
sion mercliant  of  goods  sold  on  account  of  a  consignor,  and 
contains  a  statement  of  the  sales,  the  attendant  charges,  and 
the  net  proceeds  due  the  owner. 

NoTB.  —Expenses  indade  freight,  cartage,  storage,  insurance,  etc. 

722.  Guaranty  is  a  charge  made  in  addition  to  commission, 
for  securing  the  owner  against  the  risk  of  non-payment,  in  case 
of  goods  sold  on  credit. 

723.  Storage  is  a  charge  made  for  keeping  the  goods,  and 
may  be  reckoned  by  the  week  or  month,  on  each  article  or 
piece. 

724.  Primage  is  an  allowance  which  is  paid  by  a  shipper 
or  consignor  of  goods  to  the  master  and  sailors  of  a  vessel,  for 
loading  it. 

725.  A  commission  merehant  having  sold  a  shipment  of 
goods  by  parts  at  different  times,  and  on  various  terms,  makes 
a  final  settlement  by  deducting  all  the  charges,  and  by  accjred- 
iting  the  owner  with  the  net  proceeds.  It  is  evident  therefore, 
that: 

I.  The  commission  and  guaranty  should  be  accredited  to  the  agent  at 
the  average  maturity  of  the  salef. 

II.  The  net  proceeds  should  be  accredited  to  the  consignor  at  the  aver- 
age maturity  of  the  entire  account. 

Rule.  —  I.  To  compute  the  storage. — Multiply  each  article 
or  parcel  by  the  time  it  is  in  store^  and  multiply  the  sum  of  the 
products  by  the  rate  per  unit;  the  result  will  be  the  storage. 

»  II.  To  find  when  the  net  proceeds  are  due.  —  Average  the 
sales  alone,  and  the  result  will  be  the  date  to  be  given  to  the  com- 
mission  and  guaranty;  then  make  the  sales  the  Cr.  sid^,  and  the 
charges  the  Dr,  side,  and  average  the  entire  account  by  the  method 
skoum  in  §  720. 

XoTE.  —  In  »v«nglng,  elthar  the  product  m«l\icA  «t  iCti*  IntwuiTaRSwA.ToaB^Xifc  ''^■fc.. 

BOB.  KRW  RTGHKR  AR.  — 27 
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Ezamples. 

728.     1.   Find  the  net  proceeds  of  the  following  account, 
and  when  due. 

Account  sales  of  1000  barrels  of  flour  received  May  1,  1895, 
by  John  Fisk  from  Tyler,  Bell  &  Co. 


1895. 

Jane  8 

June  80 

Jnly  29 

Aug.  6 


May 


Ang. 


Sold  200  bbl.  at  1 8.00 
"     860      '*        8.25  on  1  mo. 
**     400      "         8.16 
"      60      "         8.76 

Chaboks. 

To  frdght,  cartage,  primage,  and  ooopemge 
**  Insurance 


To  storage  from  May  1  at  2  cts.  a  >vk. 
On  2U0  bU.  6  wk.    1000  wk. 
"  850    "    9  "       8150 
"  400    "  18  "       6200 
"     50    **14  "         700 


$250.25 
66.50 


$805.76 


It 


10050  wk.  at  2  eta. 

To  Commission  on  $  8185  at  ?\  % 
**  Guaranty  on  $1187.00  at  2|% 


$201.00 

i   $79.68 
)      28.44 


$  106.07 


$  600.00 

1187.50 

1260.00 

187.50 


$8165.00 


$814.89 


$2670.18 


Dr. 


OPERATION. 


Cr. 


CUABOBB. 

Salbs. 

Due. 

Da.fh>m 
May  1. 

Items. 

Products. 

Due. 

Da.  from 
Mayl. 

Items. 

Products. 

May    1 
Aug.  6 
July  20 

00 
97 
80 

806.75 
201.00 
108.07 

00 

19497.00 

8646.60 

Jnne   8 
July  80 
July  29 
Ang.    6 

88 
90 
89 
97 

600.00 
1187.50 
1260.00 

187.60 

19800.00 
102876.00 
112140.00 

18187.50 

614.82 

2S142.60 

8186.00 
614.82 

262502.50 
28142.60 

2670.18 

224850.90 

262502.50  ^  3185  =  80  da. 

May  1  +  80  da.  =  July  20,  date  for  commission  and  guaranty. 

224859.90  +  2570.18  =  88  da. 


May  1  -V-  %ft  d«k.  =  JuVj  ^%,  1^95^  proceeds  due  1    . 
Proceeds  =  %^blQA^.  \^^* 
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Solution.  —  We  first  find  the  proceeds  by  deducting  the  charges  from 
the  amount  of  sales,  computing  the  storage  according  to  the  rule.  Then 
we  make  the  sales  the  Cr.  side,  and  equate  the  time  by  §  719,  taking 
May  1,  the  earliest  date,  as  the  focal  date.  The  answer,  July  20,  is  the 
date  for  commission  and  guaranty.  As  the  dates  for  the  other  charges  are 
known,  we  proceed  to  equate  the  time  for  charges  on  the  Dr.  side,  and  to 
balance  the  two  sides  as  in  §  720,  and  we  find  the  proceeds  to  be  9  2570.18, 
due  July  28,  1895. 

NuTR.  —  The  time  for  which  stora^  is  charged  on  each  part  of  the  shipment  is  the  Inter- 
val, reduced  to  weeks,  between  May  1,  when  the  flour  was  received  into  store,  and  the 
date  of  sale.    £very  fraction  of  a  week  is  reckoned  a  full  week. 

2.  Frank  Aldrich  sold  on  account  of  F.  Grant  &  Co.  a  con- 
signment of  1000  bii.  of  wheat  as  follows :  Feb.  1, 1895,  200  bu. 
@  9  .62,  cash ;  March  1,  1895,  800  bu.  @  $  .65  on  2  mo.  The 
charges  were :  Jan.  1,  freight,  cartage,  etc.,  $  75 ;  storage  from 
Jan.  5,  @  ^  .01  a  bu. ;  insurance  $  5.00 ;  commission  and  guar- 
anty 2^%.    Find  the  proceeds  and  when  due. 

3.  Henry  Osgood  sold  on  account  of  E.  L.  Curry  &  Bro.  of 
Brooklyn,  the  following :  March  1, 1894,  6000  yd.  black  ribbon 
@  $  .50 ;  March  15, 2000  yd.  navy  ribbon  @  $  .15,  and  1000  yd. 
brown  at  9  .25.  The  charges  were :  Feb.  1,  freight  and  cartage 
^3.75;  Feb.  6,  advertising  $5;  commission  2%.  Find  the 
proceeds  and  when  due. 

4.  A  commission  merchant  in  Boston  received  into  his  store 
on  May  1, 1895,  1000  bbl.  of  flour,  paying  as  charges  on  the 
same  day,  freight  $  175.48,  cartage  $  56.25,  and  cooperage 
9  8.37.  He  sold  out  the  shipment  as  follows :  June  3,  200  bbl. 
@  9  4.25 ;  June  30,  350  bbl.  @  9  4.50 ;  July  29,  400  bbl.  @ 
9  4.12^^ ;  Aug.  6,  50  bbl.  @  9  4.00.  Required  the  net  proceeds, 
and  the  date  when  they  shall  be  accredited  to  the  owner, 
allowing  commission  at  3^%,  and  storage  at  9  .02  per  week 
per  bbl. 

5.  John  Anderson  sold  on  account  of  J.  B.  Walbridge  &  Co. 
of  Philadelphia,  the  following;  April  1,  1896,  2000  yd.  sUk 
@  9  1.25  ;  May  15,  6000  yd.  cassimere  @  9 1.00,  and  2000  yd. 
silk  @  31.25.  The  charges  were:  March  1,  freight  and 
cartage  925;  March  10,  advertising  $20;  commission  2%. 
Find  the  proceeds  and  when  due. 
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SETTLEMENT  OF  ACCOUNTS  CURRENT. 

Examples. 

727.  To  find  the  cash  balance  of  an  account  current  at  any 
given  date. 

1.   Required  the  cash  value  of  the  following  account,  July  1, 
1896,  interest  at  G%. 


Dr. 


1896. 
Feb.   26 
Mar.   20 
April  26 
Jane  24 


J.  Burns  ^)i  ctccount  current  with  Tyler  &  Co. 


To  MdM.  on  8  mo. 


it 

44 

it 

44 

44 

It 

"  8 
"  8 

44 


2 


44 
44 
44 


1896. 

860 

76 

Mar.     1 

240 

66 

April  20 

875 

24 

Jane  12 

285 

25 

"      27 

By  Cash  on  acct. 
''  Accept,  at  80  da. 
**  Sundries, 
"  Cash  on  acct 


Cr. 


Dr. 


OPERATIO^r. 


Cr 


Due. 

Da. 

Items.    Int. 

Cash  val. 

Due. 

Da. 

Items.    Int. 

CashTal. 

May  25 
June  20 
July  26 
Aug.  24 

87 
11 
25 
64 

860.75  +  2.22 
240.56+    .44 
875.24  -  8.65 
286.26-2.12 

862.97 
241.00 
871.59 
288.13 

Mar.    1 

May  20 

Jane  12 

"     27 

122 
42 
19 

4 

250.00  +  5.08 
8(K).00  +  2.10 
875.00  +  1.19 
400.00+    .27 

266.0S 
802.10 
876.19 
400.27 

1708.69 

1883.64 

$  1708.60  ~  $1333.64  =  $  375.05  Ans, 

Solution.  —  For  either  side  of  the  account  we  write  the  dates  at  which 
the  several  items  are  due,  and  the  days  intervening  between  these  dates 
and  the  day  of  settlement,  July  1.  We  then  compute  the  interest  on  each 
item  for  the  corresponding  interval  of  time,  and  add  it  to  the  item  if  the 
maturity  is  before  July  1,  and  subtract  it  from  the  item  if  the  maturity  is 
after  July  1  ;  the  results  must  be  the  cash  values  of  the  several  items  on 
July  1.  Adding  the  two  columns  of  cash  values,  and  subtracting  the  less 
sum  from  the  greater,  we  have  $375.05  the  cash  balance  required. 

Rule.  —  I.  Fhid  the  number  of  days  intervening  between  each 
maturity  and  the  day  of  settlement 

II.    Compute  the  interest  on  each  item  for  the  corresponding 

interval  of  time  ;  add  the  interest  to  the  item  if  the  maturity  is 

before  the  day  of  settlement,  and  subtract  it  from  the  item  if  the 

maturUy  is  after  t/ie  day  of  settlemetwt ;  tke  rcsutt  tcill  be  the  cash 

values  of  the  several  tt^ms. 
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III.   Add  each  column  of  cash  values,  and  the  difference  of  the 
amounts  will  be  the  cash  balance  required, 

2.   Find  the  cash  balance  of  the  following  account  on  June 
1, 1894,  interest  at  6  per  cent. 

Dr.     Alvan  Parke,  in  account  current  with  C,  D.  Call  &  Co.        Cr, 


l&M. 

1894. 

Jan.     12 

To  Chwk, 

600 

86 

Feb.      1 

Rr  Bal.  from  old  acct. 

686 

72 

26 

tt      •« 

^50 

48 

8^ 

"    Cash, 

486 

67 

Feb.     18 

It      tt 

•KM) 

00 

March  26 

it      tt 

1260 

78 

March  16 

ti      tt 

750 

00 

'    April   20 

It      tt 

756 

86 

April   25 

It      it 

200 

00 

Mav     12 

it      »t 

248 

79 

3.   What  is  the  cash  balance  of  the  following  account  on  Dec. 
31, 1895,  at  7  per  cent  ? 


Dr. 


Jameh  Hanson. 


Or. 


1895. 

1895. 

Sept.   8 

To  Sundries, 

478 

86 

Sept.  17 

By  Sundries, 
*'  Cash  on  acct. 

96 

54 

Oct.     2 

"  Mdse.  on  8  mo. 

256 

87 

*'      20 

200 

00 

tt      21 

ti            It               it    O      it 

875 

26 

Oct.     8 

ti    It       it 

825 

00 

Nov.  12 

il            it                it    O      it 

N> 

00 

Nov.  17 

it    it        ti 

50 

00 

Dec.  15 

"  Sandriea, 

148 

76 

Dec.  27 

it    ti        II 

84 

00 

4.   Find  the  cash  balance  of  the  following  account  on  Dee.  3, 
1896,  interest  at  6%. 

Dr.     James  Osgood,  in  account  current  icith  J.  F.  Miller  &  Co.     Cr. 


1896. 
Feb.  8 
Feb.  16 
March  8 
April  15 
May  8 
Aug.  15 
Sept.    8 


To  Mdse. 


it 
ti 
ti 
it 
II 
i« 


ti 
It 
ti 
it 
It 
it 


on  8  mo. 
it  3  tt 

it  3  ii 

ti  1  II 

it  3  ti 

it  2  »» 


500 

75 

620 

00 

850 

00 

240 

76 

819 

50 

625 

25 

814 

05 

1S96. 
.March  1 
April  8 
May  16 
Juiy  6 
July  15 
Sept    1 


B^  Cash, 


tl 

tl 

ti 

ii 

tl 

ti 

ii 

it 

800 

00 

CO 

00 

115 

75 

200 

00 

80() 

00 

500 

00 

6.   Find    the  cash    balance  of    the  following  account  on 
Jan.  15, 1896,  interest  at  5%. 

Dr.       Frank  Allex  in  account  current  with  Harvey  &  Bales.        Cr. 


1S96. 
April  5 
May  5 
June  5 
July  6 
Aug.  5 
8ept.    5 


To  Sundries, 
"  Mdse. 


ti 
il 
ii 
il 


tt 
Ii 
It 
II 


250 
120 
15 
650 
400 
750 


00 
(H) 
75 
50 
50 
QO 


\^\\ 


1896. 

May  10 

Bv  Cash, 

150 

00 

June  10 

200 

00 

Aug.  10 

ti      II 

10 

00 

Sept.  15 

it      it 

15 

00 

Oct.    15 

il      Ii 

800 

00 

T>wi.  \^ 

I          ..           .V 

k^  «H^ 

l,^ 

INVOLUTION. 


728.  A  Power  is  the  product  arising  from  multiplying  a 
number  by  itself,  or  repeating  it  any  number  of  times  as  a 
factor  (§  104). 

729.  Involution  is  the  process  of  raising  a  number  to  a  given 
power  (§  110). 

730.  A  Perfect  Fower  is  a  number  that  has  an  exact  root,  and 
an  Imperfect  Power  is  one  that  has  not  an  exact  root. 

731.  To  discover  the  principles  which  govern  the  process  of 
involution. 

Suppose  we  wish  to  find  the  sixth  power  of  4. 

4x4x4x4x4x4  =4^  =  4096. 

Or,  (4  X  4)  X  (4  X  4)  X  (4  X  4)  =  4«  X  42  X  4^  =  4090. 
Or,  (4  X  4  X  4)  X  (4  X  4  X  4)  =  4»  X  4«  =  4096. 
Or,  (4  X  4  X  4  X  4)  X  (4  X  4)  =  4*  x  4^  =  4090. 
Or,    4  X  (4  X  4  X  4  X  4  X  4)       =  4  x  4^         =  4096. 

In  these  examples  we  see  that  the  sum  of  the  exponents  in  the  various 
multiplications  are  equal  to  the  required  exponent  and  the  results  are  all 
alike.  Thus,  2  +  2  4-  2  =  6,  3  4-  3  =  6,  4  +  2  =  6,  6  +  1  =  6,  etc.  We  also 
see  that  the  sixth  power  is  equal  to  the  cube  of  the  square  (that  is,  the 
square  taken  three  times  in  continued  multiplication)  or  the  square  of 
the  cube. 

732.  From  these  facts  we  derive  the  following  principles. 

Principles.  —  I.  The  exponent  of  any  j>ower  is  equal  to  the 
number  of  times  the  root  has  been  taken  as  a  factor  in  continued 
multiplication. 

IL    The  PRODUCT  o/anti  tu'o  or  more  po«?€r«  of  the  same  numr 
ber  18  the  power  denoted  by  tlic  ft\3i«.  oj  iKelT  expoue^xX. 

41^ 
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III.  If  any  power  of  a  number  is  raised  to  any  given  power, 
tlie  result  will  he  that  poicer  9/  the  number  denoted  by  the  product 
of  the  exponents. 

Sxamples. 

733.  To  find  any  power  of  a  number. 
1.   What  is  the  fifth  power  of  6  ? 

OPERATION.  Solution. — We  multiply 

6x6x6x6x6  =  7776  A^is.         i^l  '^\^^  *"^  *^  ^^^"^ 

^  by  6,  and  so  on,  until  6  has 

^^^  been  taken  6  times  in  con- 

6   X  6  =  6*  =  36  tinued   multiplication  ;    the 

3^   X  g  =  6'  =  216  fi^*l  product,   7776,   is   the 

6»  X  6«  =  6*  =  216  X  36  =7776  Ans.     P^^^^^^l^^ (§732, 1).  Or 

we  may  first  form  the  second 

and  third  powers ;  then  the  product  of  these  two  powers  will  be  the  fifth 

power  required  (§732,  II). 


I.   What  is  the  sixth  power  of  12  ? 


OPERATION.  Solution.  —  We  find  the  cube  of  the  second 

12*  =  144  power,    which    must    be    the    sixth    power 

144»  =  2985984  An3.     (§  732,  III) . 

Rule,  — I.  Multiply  the  given  number  by  itself  in  continued 
multiplication,  till  it  has  been  taken  as  mxiny  times  as  a  fa/Aor  as 
tliere  are  units  in  tJie  exponent  oftJie  required  power.     Or, 

Multiply  together  two  or  more  powers  of  tlie  given  number, 
tJie  sum  of  whose  exponents  is  equal  to  the  exponent  oftlie  required 
power.     Or, 

Raise  some  power  of  the  given  number  to  such  a  power  tliat 
the  product  of  the  two  exponents  shall  be  equal  to  tJie  exponent  of 
tlie  required  power. 

NoTBB.  —  1.  The  nnmber  of  multiplloations  will  be  one  Um  than  the  exponent,  since  the 
root  In  the  first  moltiplicstion  is  used  tioioe^  once  as  maltiplicand  and  once  as  multiplier. 

8.  A  fraction  Is  invoWed  to  an}'  power  by  inT<riTing  each  of  Its  terms  separately  to  the 
required  power. 

8.  Mixed  numbers  should  be  reduced  to  Improper  fractions  or  decimals  before  involution 
is  performed. 

4.  WheD  the  number  to  be  liiTolTed  Is  »  decUxoi^  co^tnii.t«i  mnltl^liOBAIiQU  may  be 
applied  with  gremt  advantage. 
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Kaise  the  following  numbers  to  the  powers  indicated  by 
their  exponents : 

3.  79».  6.   1450*.  9.   .437». 

4.  85'  7.    164^  10.    1.05« 
6.   25.4».            8.    2»                             11.    .009*. 

Find  the  value  of  each  of  the  following  expressions : 

12.  4.367^         15.   4.6«  X  2o\  18.    7»  -!-  3.08. 

13.  (ly.  16.    (6})* -7.25-.  19.   4»xo«xl2». 

14.  (2|)*.  17.   i  of  (|)«  of  (3f )>.     20.   4«xia*xy. 

21.  (4«x6*xl2»)^-(4»x  Wx6»). 

22.  (3*  X  2»  X  4»)  ^-  (2^  X  3«  x  4«). 

23.  (2*x3*)  +  (3^x2^-(2»xi*). 

734.  To  find  the  square  of  a  number  in  terms  of  its  tens  and 
units. 

1.    Find  the  square  of  23  in  terms  of  its  tens  and  units. 

OPERATION.  Solution.  —  23  =  20  +  3.      Multi- 

23  —  20  +  3  plyi^ig  20  +  3  by  3  and  indicating  the 

OQ  —  90  _i-  '^  operation,  we  have  20  x  3  and  3x3, 

_  ""  ^^-i-^ or  3^,^    Multiply iug  20  +  3  by  20,  we 

69  =  20  X  3  -f  3*  have  20  x  20.  or  20^  and  20  x  3.    Add- 

46    =  20^  -f  20  X  3  "*S  ^*^®  partial  products,  the  result  is 

529  =20^  +  2  (20  x  3)  +  3^    ^qual  to  629. 

Rule.  —  To  find  the  square  of  a  number  consisting  of  tens 
and  units.  —  To  the  square  of  the  tens  add  twice  tike  product  of  the 
tens  by  the  units  and  the  square  of  the  units, 

NoTR.  —  When  a  number  is  sei>ar»ted  Into  any  two  pftrts,  its  aqaare  is  ahrays  equal  to 
the  aqaare  of  the  first  jwrt  +  twice  the  prodnot  of  the  first  by  the  second  +  the  sqnmre  of 
the  second  i>art    Thus,  28  » 18  +  11 ;  and  88>»  12*  + 2(12  x  11)+ ll*»d29. 

Hence,  the  role  for  squaring  any  number  by  tens  and  units  may  be 
expressed  by  the  formula :  t^  +  2rti  +  t**. 

In  the  same  way  find  the  square  of : 

2.  36.  6.   58.  8.   69.   .  11.   109. 

3.  65.            6.   92.              9.   97.  12.   157. 
4.    39.            7.  1^.           \^.  1^.  a:^.  ^X>, 
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735.   To  find  the  cube  of  a  number  in  terms  of  its  tens  and 
units. 

1.  Find  the  cube  of  23  in  terms  of  its  tens  and  units. 

23  = 
23  = 

69  = 
46    = 

529  = 
23  = 


OPERATION. 

20  +  3 
20  +  3 

20  X  3  +  3* 
20«  +  20  X  3 

20* +  2(20x3) +  3* 

20  +  3 

1587  =  20*  x  3  +  2(20  X  3*)  +  3» 

1058    =20^  +  2(20»x3)+    (20x3*) 

12167  =  20»  +  3(20*  x  3)  +  3(20  x  3*)  +3* 

Solution.  —  The  cube  of  23  =  2.3  x  23  x  23,or  23*  x  23.  We  proceed 
to  find  the  square  as  before,  which  is  20^  +  2(20  x  3)  -f  3'.  Multiplying 
this  first  b}*  3  and  then  by  20  and  adding  these  partial  products,  the 
result  is  20»  -f  3(20^  x  3)  +  3(20  x  3=^)  -|-  3». 

Rule. — To  find  the  cube  of  a  number  consisting  of  tens  and 
units.  —  To  the  cube  of  the  tens  add  three  times  tJie  product  of  the 
square  of  the  tens  by  the  vnitSy  three  times  the  product  of  the 
tens  by  the  square  of  the  unitSj  and  the  cube  of  the  units, 

NoTS.  —  Thecubeofs  number  divided  Into  any  two  jtarts  Is  equal  to  the  cube  of  the 
first  part  •¥  8  times  the  square  of  the  first  part  by  the  sc'cond  part  +  8  times  the  first  part  by 
the  square  of  the  second  part  +  the  cube  of  the  secoml  (lart.  Thus,  28  •  12  + 11,  and  28*  <■ 
l«»  +  8  (12»x  11) +8  (12  X  11«) +11»=  12167. 

Hence,  the  rule  may  be  expressed  by  a  formula  as  follows :  r*  +  3  t^u 
+  3tii*-f  «•. 

In  the  same  way  find  the  cube  of : 

2.   27.  4.   52.  6.    115.  8.   274.  10.   G13. 

8.   42.  6.   79.  7.    140.  9.   569.  11.   99G. 

Appucations  of  Involution. 

736.  The  following  principles  of  physics  afford  application 
for  the  rules  of  involution. 

Principles.  —  I.  TJie  intensity  of  light  vanes  inversely  as 
Hie  srjuare  of  the  distance  from  the  source  of  illutni nation. 

II.  TJie  intensity  of  sound  varies  inversely  as  the  square  of 
the  distance  from  tJie  source  of  tike  souud. 
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III.  77i€  JiecUing  effect  of  a  small  radiant  ma,ss  upon  a  cU^atit 
object  varies  inversely  as  tJie  square  of  the  distance, 

IV.  The  force  of  aUradion  or  repulsion  exerted  between  two 
magnetic  poles  is  inversely  proportional  to  tlie  square  of  the 
distajice  between  them. 

y.  Gravitation  varies  inversely  as  the  square  of  the  distance 
between  the  centers  of  gravity. 

Examples. 

737.  1.  From  a  vessel  on  the  ocean,  a  light  in  a  lighthouse 
could  be  seen  dimly  25  miles  distant.  How  much  brighter 
would  the  light  appear,  when  the  vessel  was  5  miles  distant  ? 

2.  I  have  2  lamps,  one  of  4  candle  power  and  one  of  16 
candle  power;  if  the  former  is  20  ft.  distant,  how  far  away 
must  I  place  the  latter  to  give  me  the  same  amount  of  light  ? 

3.  A  bell  heard  by  A  is  heard  by  B  8  times  as  far  distant 
How  loud  will  it  sound  to  B  as  compared  to  A  ? 

4.  If  the  earth  were  removed  to  ^  its  distance  from  the  sun, 
how  much  more  intense  would  be  the  heat  received  by  it  ? 

5.  A  body  4000  miles  from  the  center  of  the  earth  (or  at 
the  earth's  surface)  weighs  900  pounds.  What  would  it  weigh 
12000  miles  from  the  center  of  the  earth  ? 

6.  A  pistol  shot  is  heard  by  A.  B  hears  it  ^  as  loud. 
How  much  further  is  B  from  the  pistol  than  A  ? 

7.  Two  magnetic  poles  ^  of  an  inch  apart  liave  an  attrac- 
tion for  each  other  whose  force  would  lift  a  pound  weight 
What  weight  would  they  lift  if  they  were  an  inch  apart? 

8.  A  wax  taper  is  held  a  certain  distance  from  a  flame.  It 
requires  an  amount  of  heat  16  times  as  great  as  that  now 
acting  upon  it  to  ignite  it.  How  much  nearer  must  I  move 
the  taper  if  I  wish  to  light  it  ? 

9.  If  an  electric  light  and  a  gas  light  are  16  ft.  apart,  and 
the  former  gives  9  times  as  much  light  as  the  latter,  at  what 
point  between  the  two  itwjLSt  %.\v  object  be  placed  so  as  to 
receive  the  same  amount  oi  \\^t  ixoisi  ^a^l 


EVOLUTION. 


738.  A  Root  is  a  factor  repeated  to  produce  a  x>ower  (§  105) ; 
thus,  in  the  expression  7x7x7  =  343,  7  is  the  root  from 
which  the  power,  343,  is  produced. 

739.  Evolution  is  the  process  of  extracting  the  root  of  a 
number  considered  as  a  power ;  it  is  the  reverse  of  Involution. 

Any  number  whatever  may  be  considered  as  a  power  whose 
root  is  to  be  extracted. 

740.  A  Rational  Root  is  a  root  that  can  be  exactly  obtained. 

741.  A  Surd  is  an  indicated  root  that  cannot  be  exactly 
obtained  because  the  power  is  imperfect. 

742.  The  Radical  Sign  is  the  character,  -y/,  which,  placed 
before  a  number,  indicates  that  its  root  is  to  be  extracted. 

743.  The  Index  of  the  root  is  the  figure  placed  above  the 
radical  sign,  to  denote  what  root  is  to  be  taken.  When  no 
index  ia  written,  the  index  2  is  always  understood. 

744.  The  names  of  roots  are  derived  from  the  correspond- 
ing powers,  and  are  denoted  by  the  indices  of  the  radical  sign. 
Thus,  VlOO  denotes  the  square  root  of  100,  VlOU  denotes  the 
cube  root  of  100 ;  VlOO  denotes  the  fourth  root  of  100 ;  etc. 

745.  Evolution  is  sometimes  denoted  by  a  fractional  expo- 
nent, the  name  of  the  root  to  be  extracted  being  indicated  by 
the  denominator.  Thus,  the  square  root  of  10  may  be  written 
lOi ;  the  cube  root  of  10,  lOi,  etc. 

746.  Fractional  Exponents  are  also  used  to  denote  both  invo- 
lution* and  evolution  in  the  same  expression,  the  numerator 
indicating  the  power  to  whicli  lYie  ^\^w  \i\rss^x  Ss^  \si  \!fc 
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raised,  and  the  denominator  the  root  of  the  power  which  is  to 
be  taken;  thus,  7*  denotes  the  cube  root  of  the  second  power 
of  7,  and  is  the  same  as  Vt*  ;  so  also  7^  =  VT^. 

747.  In  extracting  any  root  of  a  number,  any  term  or  terms 
may  be  regarded  as  tens  of  the  next  inferior  order.  Thus, 
in  2546,  the  2  may  be  considered  as  tens  of  the  third  order, 
the  25  as  tens  of  the  second  order,  or  the  254  as  tens  of  the 
first  order. 

EVOLUTION  BY  FACTORING. 

Examples. 

748.  To  find  any  root  of  a  number  by  factoring. 
1.   Find  the  cube  root  of  1728. 

OPERATION. 


3 
3 
3 
2 
2 
2 
2 
2 


1728 


57fi 

"TtpJ         Solution. — A  number  that  is  a  perfect  cube  is  com- 

*  '^    posed  of  three  equal  factors,  and  one  of  them  is  the  cube 


^    root  of  that  number. 


32         The  prime  factors  of  1728  are  3,  3,  3,  2,  2,  2,  2,  2,  2 ; 


15    hence  1728  =  (3  x  2  x  2)  x  (3  x  2  x  2)  x  (3  x  2  x  2)  ;  there- 
— ^    fore  the  cube  root  of  1728  is  (3  x  2  x  2),  or  12. 


2 

KuLE.  —  Resolve  the  given  number  into  its  prime  factors; 
then,  to  produce  the  square  rooty  take  one  of  every  two  equal  fac- 
tors; to  produce  the  cube  root  take  one  of  every  tJiree  equal  fac- 
tors; and  so  on. 

2.  Find  the  square  root  of  64,  256,  576,  6561. 

3.  Find  the  cube  root  of  729,  2744,  9261,  3375. 

4.  Find  the  square  root  of  225,  256,  289. 

5.  Find  the  cube  root  of  4913,  8000,  24389. 

6.  Find  the  fourth  root  of  81,  256,  625,  1296. 

7.  Find  the  fifth  root  of  243,  1024,  3125. 

8.  Find  the  sixth  root  of  729,  4096,  15625. 

9.  Find  the  seveutti  root  ol  ^1^1  AQ^^^rk'^Y^^. 


Roots. 

Squares. 

1 

1 

10 

1,00 

100 

1,00,00 

lOOD 

1,00,00,00 
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SQUARE  ROOT. 

749.  The  Square  Root  of  a  number  is  one  of  the  two  equal 
factors  that  produce  the  number.  Thus,  the  square  root  of  64 
is  8,  for  8  X  8  =  64. 

To  derive  the  method  of  extracting  the  square  root  of  a  number,  it  is 
necessary  to  determine : 

I.  The  relative  number  of  places  in  a  number  and  its  square  root. 
II.  The  relations  of  the  figures  of  the  root  to  the  periods  of  the  number. 
III.  The  law  by  which  the  parts  of  a  number  are  combined  in  the  for- 
mation of  its  square  (§  734). 

750.  The  relative  number  of  places  in  a  given  number  and 
its  square  root  is  shown  in  the  following  illustrations : 

Roots.  Squares. 

1  1 

9  81 

09  98,01 

999  99,80,01 

I.  From  these  examples  we  perceive  (1)  that  a  root  consisting  of  1 
place  may  have  1  or  2  places  in  the  square. 

(2)  That  the  addition  of  1  place  to  the  root  adds  2  places  to  the  square. 

761.   Hence  we  have  the  following  principles : 

Principles.  —  I.  If  n^e  point  off  a  number  into  two-Jigure 
periods,  commencing  at  the  rigJU  hand,  the  number  offuU  periods 
and  the  left-hand  full  or  jKirticd  period  ivill  indicate  the  number 
of  places  in  the  square  mot,  the  highest  period  corresponding  to 
the  highest  term  of  the  root, 

II.  To  ascertain  the  relations  of  the  several  terms  of  the  root  to  the 
periods  of  the  number,  observe  that  if  any  number,  as  2345,  is  decomposed 
the  squares  of  the  left-hand  parts  will  be  related  in  local  value,  as  follows  : 

20002  =  4  00  00  00  2340^  =  6  47  66  00 

2300^  =  6  29  00  00  2345^  =  6  49  00  25 

II.  The  square  of  the  first  term  of  the  i^oot  is  contained  tvholhj 
in  the  first  period  of  the  power;  the  square  of  the  first  two  teiuis 
of  the  root  is  contained  ichoUy  in  the  first  two  2^riods  of  the 
power;  the  square  of  the  first  three  terms  of  the  iy)ot  is  con- 
tained wJioUy  in  t/ie  first  three  periods  of  the  power;  and  so  on. 

y<m.  —  The  pertodB  And  terms  of  the  root  iir«  eou^V«^  tram  ^'bVi^Vv^*^. 
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III.  Since  the  square  of  a  number  expressed  in  tens  and  units  =  t^  + 
2tu-^u^  (§734),  if  we  take  away  the  square  of  the  tens  (('),  the 
remainder  will  be  2  fu  +  u^.    Hence, 

III.   If  tlie  square  of  tJie  tens  is  suhtrdcted  from  the  entire 
square,  the  renuunder  will  be  eqiial  to  twice  tlie  prodvijct  of 
tens  by  tlve  units,  plus  the  squat'e  of  tlie  nni^s. 


Examples. 

752.  To  extract  square  root. 

1.   What  is  the  length  of  one  side  of  a  square  plot  contain- 
ing an  area  of  5417  sq.  ft.  ? 


Geoxbtrical  Explanation. 


OPERATION. 


140 
143 


54,17  I  73.6 
49 

517 
429 


146.0    88.00 
146.6    87.96 


Solution.  —  Since  the  given  figare  is  a  square, 
its  side  will  be  the  square  root  of  its  area,  which 
we  shall  proceed  to  compute.  Pointing  oS  the  given 
number,  the  two  periods  show  that  there  will  be 
two  integral  terms  —  tens  and  units  —  in  the  root. 
The  tens  of  the  root  must  be  extracted  from  the 
first  or  left-band  period,  54  hundreds.  The  great- 
est square    in  54  hundreds  is  49  hundreds,  the 

square  of  7  tens ;  we  therefore  write  7  tens  in  the 

^  root,  at  the  right  of  the  given  number. 

Since  the  entire  root  is  to  be  the  side  of  a  square, 
let  us  form  a  square  (Fig  I),  the  side  of  which  is  70  feet  long.    The  area 

of  this  square  is  70  x  70  =  4900  sq.  ft.,  which  we  sub- 
tract from  the  given  number.  This  is  done  in  the  opera- 
tion by  subtracting  the  square  number,  40,  from  the  first 
period,  54,  and  to  the  remainder  bringing  down  the  sec- 
ond period,  making  the  entire  remainder  517. 

If  we  now  enlarge  our  square  (Fig.  I)  by  the  addition 

Fio.  I.  of  517  square  feet,  in  such  a  manner  as  to  preserve  the 

square  form,  its  size  will  be  that  of  the  required  square.    To  preserve  the 

square  form,  the  addition  must  be  so  made  as  to  extend  the  square 

equally  in  two  directions ;  it  will  therefore  be  com- 
posed of  two  oblong  figures,  at  the  sides  and  a  little 
square  at  the  corner  (Fig.  II).  Now,  the  width  of 
this  addition  will  be  the  additional  length  to  the 
side  of  the  square,  and  consequently  the  next  figure 
in  the  root.  To  find  the  width,  we  divide  square 
contents,  or  area,  by  length  (§  117,1).  But  the 
length  ot  otvft  B\d^  ol  tii^a  Utile  square  cannot  be 
pjfj  II  found  tVW  XA\^  N?\dX\\  ol  \2aft  ^^^vMvya.  \^  ^i^Xec^s^cMi^^ 


00 

8 

70 

Trl»lDI»l»or-lW. 
Compktj  DMMir-U 
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becauM  it  is  eqnal  to  this  wLdth,  We  therefore  add  the  lengths  of  the 
two  oblons  figures,  and  the  sum  will  be  sufficiently  near  the  whole  length 
to  be  used  aa  a  trial  divisor. 

Kach  of  the  oblong  figurts  b  equal  in  length  to  the  side  of  the  square 
first  lormed  ;  and  their  united  length  is  70  +  70  =  140  ft.  (Fig.  III). 
This  number  is  obtained  in  the  operation  by  doubling  the  7  and  annexing 
one  cipher,  the  result  being  written  at  the  left  of  tlie  dividrnd.  Diyidiiig 
G17,  the  area,  by  140,  the  approximate  length,  we  obtain  3,  the  probable 
width  of  the  addition,  and  Che  second  Ugare  of  the  rooL  Since  3  is  also  the 
side  of  the  little  square,  wecao  now  find  the  entire  length  of  the  addition, 

or  the  complete  divisor,  which  is  70  + 

I  7^  \  1(1  |7]     70  +  3  =  143  (Fig.  III).    Thisnuraber 

is  found  in  the  operation  by  adding  3 
to  the  trial  divisor,  and  writing  the 
result  underneath-  Multiplying  the 
complete  divisor,  143,  by  the  trial 
quotient  figure  3,  and  EUbtracting 
the  product  from  the  dividend,  we  obtain  another  remainder  of  88 
square  feet. 

With  tliia  remainder,  for  the  same  reason  as  before,  we  must  proceed 
to  make  a  new  enlargement ;  and  we  bring  down  two  decimal  ciphers, 
because  the  next  figure  of  the  root  being  tenths,  its  square  will  be  hun- 
dredths. The  trial  divisor  U>  obtain  the  width  of  this  new  enlai^emeitt, 
or  the  next  figure  in  the  root,  will  be,  for  the  same  reason  as  before, 
twice  73,  the  root  already  found,  with  one  cipher  annexed.  But  since  the 
7  has  already  been  doubled  in  the  operation,  we  have  only  to  double  the 
last  term  of  the  complete  divisor,  14.'^,  and  annex  a  cipher,  to  obtain 
the  Dew  trial  divisor,  HB,0,  Dividing,  we  obliiin  .0  for  tiie  trial  term  of 
the  root ;  then  proceeding  aa  before,  we  obtain  140.6  for  a  complete  divi- 
sor, 87,98  (or  a  product ;  and  there  is  still  a  remainder  of  .04.  Hencp, 
the  side  of  the  given  square  plot  is  73.0  +  feet. 

Aritiihetical  Exfla^iation. 
We  find  Che  greatest  square  in  5400  as  before,  which  is  4000,  and  place 
its  root  at  Che  right.  Since  the  square  uf  a  number  divided  into  any 
two  parts  is  equal  to  the  square  of  the  flrsl  part,  plus  twice  the  product  of 
the  first  by  the  second,  plus  the  si]uare  uf  the  second  part  (g  Tu4),  having 
found  the  square  of  the  first  part,  which  is  4000,  the  remainder  517  niunt 
be  equal  to  twice  the  product  of  the  first  part  70  by  the  second  part  (?) 
plus  the  square  of  the  second  part.  Since  we  do  not  know  the  second 
part,  we  cake  as  a  trial  divisor  twice  the  first,  wliicb  is  140,  and  we  find 
the  second  part  to  be  about  3,  Twice  the  product  of  tlie  first  by  the  sec- 
ond would  be  3  times  140,  and  the  square  of  the  second,  3x3;  or,  since 
3xl40+3x3^3x  143,  we  take  143  aa  a  complete  divisor  and  multiply 
H  by  the  quotient  figure  3,  and  obt^n  the  product  429  and  the  remain- 
der  88. 
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We  now  annex  two  decimal  ciphers  to  the  remainder  because  since 
the  next  figure  of  the  root  must  be  tenths  its  square  must  be  hundredths, 
llie  trial  divisor  for  this  new  enlargement  will  be,  for  the  same  reason  as 
before,  twice  73  with  one  cipher  annexed,  or  146.0.  Dividing  88.00  by 
this,  we  find  the  quotient  .6,  the  complete  divisor,  146.6,  the  product  87.96 
and  a  remainder  of  .04.     Hence  the  root  is  73.0  -|-  feet 

Rule.  —  I.  Point  off  the  given  number  into  periods  of  tico 
figures  each,  counting  from  units'  place  toward  the  left  for  whole 
numbers  and  toicard  (he  rigJitfor  decimals, 

II.  Find  Uie  greatest  srjuare  mimber  in  tlie  left-hand  period, 
and  write  its  root  for  the  first  figure  in  the  root;  subtract  this 
square  number  from  the  left-ltand  i)eriody  and  to  t/ie  remainder 
bring  down  the  next  period  for  a  dicidend. 

III.  At  the  left  of  the  dividend  wiite  twice  tlie  first  term  of  the 
root,  and  annex  one  cipher,  for  a  trial  divisor;  divide  the  divi- 
dend by  the  trial  divisor,  and  write  the  quotient  for  a  trial  figure 
in  the  root. 

IV.  Add  the  trial  term  of  tlie  root  to  the  trial  divisor  for  a 
complete  divisor;  multiply  the  complete  divisor  by  the  trial  term 
in  the  root,  and  subtract  the  product  from  the  dividend,  and  to 
the  remainder  bring  down  the  next  j^eriod  for  a  new  dividend, 

V.  To  the  last  complete  divisor  add  the  last  term  of  the  root, 
and  to  the  sum  annex  one  cipher,  for  a  new  trial  divisor,  with 
which  proceed  as  before, 

NoTKS.  —  1.  If  at  any  time  the  product  is  grvater  than  the  dividend,  diminish  the  trial 
term  of  the  root,  and  correct  the  erroneous  \vori(. 

2.  If  a  cipher  occurs  in  the  root,  annex  another  cipher  to  the  trial  divisor,  and  another 
I>eriod  to  the  dividend,  and  proceed  as  before. 

8.  If  there  is  a  remainder  after  all  the  periods  have  been  brougfht  down,  annex  periods 
of  ciphers,  and  continue  the  root  to  as  many  decimal  places  as  are  required. 

4.  The  decimal  [K>ints  in  the  woric  may  be  omitted,  care  being  taken  to  point  off  in  tlie 
root  according  to  the  number  of  decimal  periods  used. 

5.  The  square  root  of  a  cunmion  fhiction  may  be  obtained  by  extracting  the  square  roots 
of  the  numerator  and  denominator  separately,  provided  the  terms  are  perfect  squares ; 
otherwise,  the  fraction  should  flrst  be  reduced  to  a  decimal. 

6.  Mixed  numbers  may  l>e  retluced  to  the  decimal  form  before  extracting  the  root;  or, 
if  the  denominator  of  the  fraction  is  a  perfect  s<]uare,  to  an  Improper  fraction.  The  puptl 
will  acquire  greater  facility,  and  secure  greater  accuracy,  by  Iceeping  units  of  like  order 
under  each  other,  and  each  divisor  opposite  the  corresponding  dividend,  as  shown  in  the 
operation. 

7.  The  cipher  in  the  trial  d\v\»oT  m&v\>«  omV\.\ft&^  axid  Its  ^Uce,  after  division,  may  b« 
acenpied  by  the  trial  root  term,  thus  loTtnVikg  oxiVr  oompl«*t  dl^W>T%. 
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2.   AVhat  is  the  square  root  of  40G457.2516  ? 


(( 

ti 

it 

it 


12()0 
1267 


Trial  divisor,  120 
Complete  "     123 

Trial 
Complete 

Trial 
(/omplete 

Trial 
Complete 


OPERATION. 

40,64,57.25,16 
m 

464 
369 


637.54  Arts. 


1)557 
8869 


1274.0 
1274.5 


688.25 
r>37.25 


1275.00 
1275.04 


•  51.0016 
51.0016 


3. 


What  is  the  square  root  of  2  ? 

2.  I  1.41  4-  Ans. 

1 


24 


100 
96 


281 


400 
281 


Find  the  square  root  of : 

4.  315844.  8.  .013456 

6.  152399025.  9.  10795.21. 

6.  56280004.  10.  58.1406i. 

7.  5522500.  11.  .0000316969. 


12.  11916304. 

13.  3486784401. 

14.  29855296. 
16.  5481918225. 


Find  the  value  of  the  following  expressions : 

16.  VS. 

17.  V5|. 


18.  Vio. 

19.    V3858.07694409C4. 


22.  V.039177  -  .025721. 

23.  V.12419;'i04~-^605032. 

24.  V.126736  -  Vl)45369. 


25.  vmxVHfi- 


20.    V99225  -  63504. 


26.    V8P  X  625«  X  2*. 


21.    V7m25-2&m. 

ROB.  SKW  HIGHKR  AR. ^8 


^T-    V||^\X\\\V 
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763.   To  abbreviate  the  extraction  of  square  root. 


1. 


OPERATION. 


2.828427+    Ans. 


57 


Find  the  square  root  of  8,  correct  to  6  decimal  places. 

Solution. — Extracting  the  square  root 
in  the  usual  way  until  we  have  obtained  the 
4  places,  2.828,  the  corresponding  remainder 
is  2416,  and  the  next  trial  divisor,  with  the 
cipher  omitted,  is  6650.  We  now  omit  to 
bring  down  a  period  of  ciphers  to  the  re- 
mainder, thus  contracting  the  dividend  2 
places;  and  we  contract  the  divisor  an 
equal  number  of  places  by  omitting  to  an- 
nex the  trial  figure  of  the  root,  and  regard- 
ing the  right-hand  figure,  6,  as  a  rejected  or 
redun*dant  figure.  We*  now  divide  as  in 
contracted  division  of  decimals  (§  292), 
bringing  down  each  divisor  in  its  place, 
with  orfe  redundant  figure  increased  by  1 
when  the  rejected  figure  is  5  or  more,  and 
carrying  the  tens  from  the  redundant  figure 
in  multiplication.  We  observe  that  the  en- 
tire root,  2.828427 -f,  contains  as  many 
places  as  there  are  places  in  the  periods 
used. 


48 
502 

8.00,00,00 
4 

400 
384 

1()00 
1124 

5048 

47000 
45184 

5650 

2410* 
2262 

506 

154 
113 

41 
40 


Rule.  —  1-  If  necessary y  annex  periods  of  ciphers  to  the  given 
number y  and  assume  as  many  terms  as  there  are  places  required 
in  the  root;  then  proceed  in  the  usuai  manner  utUiI  aU  the  as- 
sumed terms  hofve  been  employ edy  omitting  the  remaining  terms, 
if  any. 

II.  Foim  the  next  trial  divisor  as  usual,  but  omit  to  annex  to  it 
the  trial  term,  of  the  root,  reject  one  term  from  the  right  to  form 
each  subsequent  dirisory  and  in  multiplying  regard  the  right-hand 
teiin  of  ea^ch  contracted  divisor  as  redundant, 

Norra.  —  1 .   If  the  rejectwl  tenn  Is  5  or  more,  increase  th«  next  left-hand  figure  by  I . 
2.   Always  take  AiU  periods,  both  of  decimals  and  integers. 

2.  Find  the  sq.  root  of  32  correct  to  the  7th  decimal  place. 

3.  Pind  the  sq.  root  of  .5  correct  to  the  6th  decimal  place. 

4.  Find  the  sq.  root  of  Q\  correct  to  the  6th  decimal  place. 

5.  Find  the  sq.  root  of  1.06^  correct  to  the  6th  decimal  place. 
6.  Find  the  value  oi  1.0Yi5^  <iOTT«!\,\o  VJcva  ^^  ^^xs^^^^^^tj^. 
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Applications  op  Square  Root. 

764.  An  Angle  is  the  opening  between  two  lines  that  meet 
each  other.  .  Thus,  the  two  lines  AB  and  AC  meeting,  form  an 
angle  at  A. 

755.  A  Right-angled  Triangle  is  a  triangle  having  one  right 
angle,  as  at  C  ^ 

The  Base  is  the  side  on  which  it  stands,  as  the  line  ^C  in 
the  diagram. 

The  Perpendicular  is  the  side  forming  a  right  angle  with 
the  base,  as  the  line  BC. 

The  Hypotenuse  is  the  side  opposite  the  right  angle,  as  the 
line  AB. 

756.  Similar  Figures  are  figures  which  have  the  same  form 
and  differ  only  iu  size. 

757.  The  following  principles,  which  are  demonstrated  in 
geometry,  afford  applications  of  square  root  : 

Principles.  —  I.  Jlie  square  of  the  hypotenuse  of  a  rigJU- 
angled  triangle  is  equal  to  the  sum  of  the  sqxiares  of  the  other  two 
sides;  therefore, 

II.  Tlie  hypotenuse  is  equal  to  the  square  root  of  the  sum  of 
the  squares  of  the  other  two  sides. 

III.  Tlie  base  or  the  peipendicidar  of  a  rigJit-angled  triangle 
is  equal  to  the  square  root  of  the  difference  of  the  hypotenuse  and 
that  of  the  other  side. 

IV.  The  areas  of  two  circles  are  to  ea/*h  other  cw  the  squares 
of  their  radii,  diameters,  or  circumferences. 

V.  Tlie  ratio  of  the  area  of  any  two  similar  figures  is  equal  to 
tlie  square  of  the  ratio  of  any  two  like  dimensions  of  them;  there- 
fore, 

VL  The  ratio  of  any  two  like  dimensions  of  any  two  similar 
figures  is  equal  to  the  square  root  of  the  ratio  of  their  areas. 

VII.  The  mean  proportional  between  tico  numbers  is  equal  to 
the  square  root  of  their  product  (^§.46^,  H^. 


436  EVOLUTION. 

Examples. 

758.     1.   The  two  sides  of  a  right-angled  triangle  are  15  and 
25  feet  respectively.     AVhat  is  the  length  of  the  hypotenuse? 

OPERATION.  Solution.  —  Squaring  the 

1  ^>«  -  22^  annare  of  one  side  ^'^^  ®*^^  *°*^  adding,  we  find 

lo  -  ^Z&,  square  Ol  one  sme.  th©8umtobe860feet;audsince 

25*  =  625,  square  of  the  other  side,    the  sum  is  equal  to  the  square 

850,  square  of  hypotenuse.         ®^  ^^®  hypotenuse,  we  extract 

the  square  root,  and  obtain 


V850  =  29.15  ft.  Aji8,  29.16  feet,  the  hypotenuse. 

2.  A  circular  skating  rink  has  a  diameter  of-  75  feet 
What  would  be  the  diameter  of  a  similar  rink  with  ^  the  area? 

3.  If  an  army  of  55225  men  is  drawn  up  in  the  form  of  a 
square,  how  many  men  will  there  be  on  a  side  ? 

4.  The  diagonals  of  two  similar  rectangles  are  as  6  to  13. 
How  many  times  does  the  larger  contain  the  smaller  ? 

6.  The  sides  of  two  square  blocks  are  5  feet  and  10  feet 
respectively.     How  do  they  compare  in  area  ? 

6.  A  man  has  200  yards  of  carpeting  1^  yards  wide. 
What  is  the  length  of  one  side  of  the  square  room  which 
this  carpet  will  cover  ? 

7.  How  many  rods  of  fence  will  be  required  to  inclose  10 
acres  of  land  in  the  form  of  a  square  ? 

8.  The  end  of  a  Maypole,  broken  39  feet  from  the  top, 
struck  the  ground  15  feet  from  the  foot.  What  was  the 
height  of  the  pole? 

9.  A  ladder  40  feet  long  is  so  placed  in  a  street,  that  with- 
out being  moved  at  the  foot,  it  will  reach  a  window  on  one 
side  33  feet,  and  on  the  other  side  21  feet,  from  the  groimd. 
What  is  the  breadth  of  the  street  ? 

10.   Two  men  start  from  one  corner  of  a  park  one  mile 
square,  and  travel  at  the  same  rate.     A  goes  by  the  walk 
around  the  park,  and  B  takes  the  diagonal  path  to  the  oppo- 
site corner,  and  tuma  to  lafe^t  k.  «A.  the  aide.    How  many  rods 
from  the  corner  will  t\ie  laeetVw^  \»J«.^  ^\^^^. 
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11.  The  top  of  a  castle  is  45  yards  liigh,  and  the  castle  is 
surrounded  by  a  ditch  60  yards  wide.  What  would  be  the 
length  of  a  rope  that  would  reach  from  the  outside  of  the 
ditch  to  the  top  of  the  castle  ? 

12.  A  ladder  52  feet  long  stands  close  against  the  side  of  a 
building.  How  many  feet  must  it  be  drawn  out  at  the  bottom 
that  the  top  may  be  lowered  4  feet  ? 

13.  A  room  is  20  feet  long,  16  feet  wide,  and  12  feet  high. 
What  is  the  distance  from  one  of  the  lower  comers  to  the 
opposite  upper  comer  ? 

14.  It  requires  63.39  rods  of  fence  to  inclose  a  circular 
field  of  2  acres.  What  length  will  be  required  to  inclose  3 
acres  in  circular  form  ? 

16.  The  radius  of  a  certain  circle  is  5  feet.  What  will 
be  the  radius  of  another  circle  containing  twice  the  area  of 
the  first  ? 

16.  A  certain  circular  race  track  has  a  diameter  of  1500 
feet.  What  would  be  the  diameter  of  a  similar  track  4  times 
as  large  ? 

17.  If  it  costs  $  167.70  to  inclose  a  circular  pond  containing 
17  A.  110  sq.  rd.,  how  much  will  it  cost  to  inclose  another  ^  as 
large  ? 

18.  If  a  cistern  6  feet  in  diameter  holds  80  barrels  of  water, 
what  is  the  diameter  of  a  cistern  of  the  same  depth  that  holds 
1200  barrels  ? 

Find  a  mean  proportional  between : 

19.  36  and  81.  21.   64  and  12.25.      23.   |f  and  |. 

20.  42  and  168.         22.   8  and  288.  24.   #f  and  |J}. 

26.  The  end  of  a  pole  broken  25  feet  from  the  top  struck 
the  ground  15  feet  from  the  foot.  'What  was  the  height  of  the 
pole  ? 

26.  A  tub  of  butter  weighed  36  pounds  by  the  grocer's 
scales,  but  being  placed  in  the  other  scale  of  the  balance 
it  weighed  only  30  pounds.  What  was  the  true  weight  of 
the  butter  ? 


438  EVOLUTION. 


CUBS  ROOT. 

759.  The  Cabe  Root  of  a  number  is  one  of  the  three  equal 
factors  that  produce  the  number.  Thus,  the  cube  root  of  343 
is  7,  since  7  x  7  x  7  =  343. 

To  derive  the  method  of  extracting  the  cube  root  of  a  number,  it  is 
necessary  to  determine: 

I.  The  relative  number  of  places  in  a  given  number  and  its  cube  root 
1 1.   'J'he  relations  of  the  figures  of  the  root  to  the  periods  of  the  numher. 
III.   The  law  by  which  the  parts  of  a  number  are  combmed  in  the 
formation  of  its  cube  (§  785). 

760.  The  relative  number  of  places  in  a  given  number  and 
its  cube  root  is  shown  in  the  following  illustrations : 


Roots. 

Cubes. 

RooU. 

Cabes. 

1 

I 

1 

1 

0 

729 

10 

1,000 

09 

907,299 

100 

1,000,000 

990 

997,002,999 

1000 

1,000,000,000 

I.  From  these  examples,  we  perceive :  — 

(1)  That  a  root  consisting  of  1  place  may  have  from  1  to  3  places  in 
the  cube. 

(2)  That,  in  all  cases,  the  addition  of  1  place  to  the  root  adds  3  places 
to  the  cube. 

761.   Hence  we  have  the  following  principles : 

Pkinciples.  —  I.  If  we  point  off  a  number  into  three-Jigure 
periods,  commencing  at  the  rigid  hand,  the  number  of  fuU 
periods  aiid  the  left-hand  fuU  or  partial  period  wUl  indicate 
the  number  of  places  in  the  cube  root, 

II.  To  ascertain  the  relations  of  the  several  figures  of  the  root  to  the 
periods  of  the  number,  observe  that  if  any  number,  as  6423,  is  decom- 
posed, the  cubes  of  the  parts  will  be  related  in  local  value,  as  follows : 

6000'  =  126  000  000  000 
6400«  =  1 57  464  000  000 
6420*  =  169  220  088  000 
6423»  =  169  484  621  9(57. 

II.    The  cube  of  the  first  term  of  the  root  is  contained  wholly 
in  the  first  period  of  the  power;  tJie  cube  of  the  first  two  terms 
of  tJie  root  is  coiUamedl  i«fioUt|  in  the  first  two  periods  of  the 
paicer;  and  so  on. 
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nt.  Since  the  cubeof  aunmberBipreBaedinten-iand  units  =  t''  +  3t'u 
+  3tu*  +  «*,  if  ne  take  away  tii«  cube  of  tlie  tens,  I',  the  rcuiainder  will 
be  3 1^  +  3  tu*  -(-  «'. 

Ill,  If  the  cube  of  the  tens  is  mbtrcnUed  from  the  entire  cube, 
the  remainder  tciU  be  three  limes  l/ie  product  of  the  tens  squared 
by  the  units,  plus  three  times  tite  tens  by  tlie  units  squared,  plus 
the  cube  of  tlie  units. 

Eiunples. 

762.   To  extract  cube  root. 

1.  What  is  the  length  of  one  side  of  a  cubical  block  con- 
tainlDg  413494  solid  inches  ? 

Geonbtricii.  E I pla nation. 

OPERATION — COHHENCED.  SuLDTtON.  —  SlHCe  tbC  block  IB  ft  CUbe,  ItS 

413,494  174  side  will  be  the  cube  root  of  its  solid  con- 

niQ         ^—  tents,  which  we  proceed  to  compute.    Point- 

iA-7(v\     TnAaA  '"S  "^  **•*  P™"  number,  the  two  periods 

L*i\ju     ixnji  glj^„  Om[  tijg,^  ^„iii  (^  t,^(,  figures,  tens 

and  unils,  in  the  root.     The  lens  of  the  root  must  be  extracted  from  the 

first  period,  413  thousands.     The  greatest  cube  in  413  thousanda  is  u43 

thousands,  the  cube  of  7  tens  ;  we  therefore  write  7  tens  in  the  root  nt 

the  right  of  the  given  number. 

Since  tiie  entire  root  is  to  l>e  tlic  side  of  a  cube,  let  ue  form  a  cubical 

bloctc  (Fig.  I),  tlie  Hide  of  which  is  70  inches  in  length.     The  contents  of 

this  cube  are  70  x  70  X  70  =  343000  solid  inches,  which  we  subtract  from 

the  given   number.    This  is  done  in 

a  the  operation  by  subtracting  the  culje 
number,  343,  from  Uie  first  period, 
413,  and  to  the  remainder  bringing 
down  tiie  second  period,  making  tiie 
entire  remainder  70494. 
If  we  now  enlarge  our  cubical  block 
(Fig.  I)  by  the  addition  of  T041U  solid 
incliFB,  in  sucli  a  manner  as  to  preserve 
the  cubical  form,  its  size  will  lie  ibat 
of  the  required  block.  To  preserve 
the  cubical  form,  the  addition  must  be 
made  upon  three  adjacent  sides  or 
y„_  I,  faces.    The  addition  will  Iberetore  be 

composed  of  3  flat  blocks  to  cover 
the  3  bees  (Fig.  It)  ;  3  oblong  blocks  lo  fill  the  vacancies  at  the  edges 
(Elg.  Ill) ;  and  1  small  cubical  block  to  fill  the  vacancy  at  the  corner 
(Fig.  IV).      Now,  the  thickness  ol  UiVa  eTi\B.t%i«Hwi\Ci,  ■»'*.'«.'&*,  oftai.- 
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lioaal  length  of  ihe  tide  of  the  cube,  aiid,  conaeqnenUy,  the  aeeoud  fifftire 
in  tht  root.     To  find  Ihiekneas,  we  may  divide  aolid  contents  bj  »\ir/aee, 
ox  area  ($120),    But  tbe  area  of  the  Soblong  blocks  and  little  cube  cannot 
be  found  till  tbe  thickness  of  the  addi- 
tion la  determined,  because  their  cum-  ^ 
moil  breadth  is  equal  to  tbis  thick- 
nesB.    We  must  theivfore  find  the  area 
of  the  3  flat  bl.>ckg(Flg.  II),  nhicU  U 
BuHlcienlly   near   the   whole   area  lo 
be  used  as  a  trial  divitiir.     As  these 
ate  each  eqmil  in  length  aud  breadth      ' 
to  the  side  of  the  cube  who^e  laces      ' 
they  cover,  the  whole  area  of  the 
tliree   la  70  x  Til  x  3  =  147UO  square      | 
Inches.    This  number  Is  obtained  In 
tbe  opir.ition  by  annexing  2  ciphers 
to  3    limes    the  square   of  T ;    tlie 
result  being  written  at  the  left  hand 
ol  thu  dividend.     Dividing,  we  obtain 
4,  the  probable  thickness  of  the  addi-                          t'ic.  H. 
tion,  and  tlie  second  figure  of   the 

root.  With  tilts  a'isumed  term,  we  must  eomyUte  our  divisor  by  adding  the 
area  of  the  4  blocks,  before  undetennined.  'I'be  3  oblong  blocks  are  each 
70  inches  long ;  and  the  little  cube,  being  equal  In  each  of  Its  dimensions 
to  the  ihicknesB  of  the  addition,  must 
be  4  inches  long.  Hence,  dieir  united 
lenglh  is  70  +  70  +  70  +  4  =  214. 
Tills  number  is  obtained  in  the  op- 
eration by  multiplying  the  7  by  3,  and 
bk|^    ^  ^^    annexing  ihe  4  to  the  product,  tbe 

|H|^I|.  ^^^  ,-  ^^^^k  result  being  written  in  column  1,  on 
^^HDjIlllfh^^^hk^^^^^^B  the  next  line  bviow  the  trial  divisor. 
I^HiiM^^Hiil^^^^^l  Multiplying  214,  the  length,  by  4,  the 
■UIMllllllliiniV^^^^^^  common  width,  we  obtain  866,  the 
'  '        'I  -^nHr.i'l.l;      I     argj  of  the  four  blocks,  which  lidded 

.1  Hi,'  ,  to    14700,  the  .trial  divisor,    miikea 

V.  H^OTl'') '"  "       ^^^^'  ^''^  tompXtU  dittifor;  and  mul- 

""■^lli|i|]|rrn||i;  illi'i^Hlip^'''  lipljing  this  by  4,  the  wcond  figure 

'^iJl  nli^^^^  '"  *^^  "*"'''  ""^  subtracting  the  prod- 

^Uilll^^^  net  from   the  dividend,  me  obtain  a 

yjo   ,l[^  remainder  of  8270  solid  inches.    With 

this  remaindiT,  for  the  same  reason 
aa  before,  we  mnst  proceed  to  make  a  new  enlargement.  But  since  we 
have  already  two  figures  In  tlie  root,  corresponding  to  the  two  periods 
of  tbe  given  number,  the  next  figure  of  the  root  must  be  a  decimal ;  and 
we  tlierefore  annex  to  the  remainder  a  period  of  tliree  decimal  ciphers, 
niaklDiE  83TO.00O  for  a  new  dividend. 
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I.    IL 

i        114700 
214  j  856 1 15556 


413,494  [74 
343 

70494 

62224 


R2T0.O0O 


The  trial  divisor  to  oblain  Ihe  thickoess  of  Uiis  second  enlaigement, 
or  the  next  figure  ot  the  root,  will  be  tbe  area  of  tliree  new  flat  blocks  to 
cover  the  three  sides  of  tbe  cube  al- 
ready formed ;  and  this  aurfsce  to  be 
covered  ( Fig.  1 V )  is  composed  of  I  face 
of  each  of  tlie  flat  blocks  already  used, 

2  facesof  eacli  of  the  ublong  blocks,  and 

3  faces  of  the  little  cube.  But  we 
have  in  the  complete  diviaor,  1J&56, 
1  face  of  each  of  the  Qal  Lloclis, 
oblong  blocks,  and  little  cube ;  snd  lu 
iJie  correction  of  Uie  trial  divisor, 
S&6,  1  face  of  each  of  tlie  oblung 
blocks  and  of  the  little  cube  ;  and  in 
the  square  of  the  last  root  figure,  lli,  a 
tliird  face  of  the  little  cube.  Hence, 
le  +  85t)  +  1(^350  =  1GJ28,  the  sigiiiB- 

it  figures  of  the  new  trJHl  divisor. 
This  number  is  obtained  in  the  opera- 
tion by  adding  the  square  of  the  last 
root  figure  mentally,  and  combining 
units  of  like  order,  thus :  1(1,  6,  and 
a  are  28,  and  ne  mite  the  unit  figure 
in  the  new  trial  divisor ;  then  2  to 
carry,  and  6  and  5  are  12,  etc.  We 
annex  2  ciphers  to  this  trial  divisor, 
as  to  the  former.  Or  we  may  obtain 
this  trial  divisor,  in  the  same  way 
as  the  first  one,  by  taking  3  times  ihe  square  of  74  (which  vre  regard 
as  the  first  part),  with  one  cipher  nnnexed.  Dividing,  we  obtain  6,  the 
third  figure  in  the  root.  To  complete  the  second  trial  divisor,  after  the 
r  of  the  first,  the  correction  may  be  found  by  annexing  .b  U    ' 


Fio,  IV. 


M  tbe  formei  figures,  74,  and  multiplying  this  number  by  .. 


But  a 


4iy,494  [74^ 
I.  II.  343 

I  114700  70494 

214      I       8.56 1 15556  62224 

I  1 16428.00        8270.000 

222..'>  1 111.25  16,^9.25        8269.625 


we  have.  In  column  I,  3  times  7,  with  4  annexed,  or  214,  we  need  only 
iDoltiply  the  la«t  figure,  4,  by  3,  and  annex  .5,  making  223.6,  nhlch. 
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multiplied  by  .5,  gives  111.25,  the  correction  required.  Then  we  obtain 
the  complete  divisor,  16539.25,  the  product,  8209.025,  and  the  remainder, 
.875,  in  the  manner  shown  by  the  former  steps. 

AltlTHMETICAL   EXPLANATION. 

We  find  that  the  greatest  cube  in  413494  is  343000,  whose  cube  root  is 
70,  which  we  write  at  the  right.  Since  tlie  cube  of  a  number  divided  into 
any  two  parts  is  equal  to  the  cube  of  the  first  part,  plus  3  times  the  square 
of  the  first  by  the  second,  plus  3  times  the  first  by  the  square  of  the  second, 
plus  the  cube  of  the  second  part  (§  735),  therefore,  having  found  the  cube 
of  the  first  part  70,  which  is  343000,  the  remainder  70494  must  be  equal 
to  3  times  the  square  of  the  first  part  by  the  second  part  (?),  plus  3  times 
the  first  part  by  the  square  of  the  second  pnrt,  plus  the  cube  of  the  second 
part.  Since  we  do  not  know  the  second  part,  we  take  as  a  trial  divisor 
3  times  the  square  of  the  first,  which  is  14700,  and  we  find  that  the  second 
part  is  about  4.  The  product  of  the  quotient  by  the  trial  divisor  will  be 
3  times  the  square  of  first  by  the  second.  To  tliis  must  be  added  3  times 
the  first  by  the  square  of  the  second  =  3  x  70  x  4'^  (but  since  the  4  in  the 
quotient  forms  one  of  these  factors  we  add  to  the  trial  divisor  3  x  70 
X  4  =  840),  and  the  cube  of  the  second,  making  the  square  4x4  for 
addition  to  the  trial  divisor,  and  our  complete  divisor  will  be  14700  +  840 
+  10  =  15556,  which  umltiplied  by  the  quotient  figure  4  gives  a  product 
of  62224.  With  the  remainder,  we  proceed  as  before  and  the  root  is 
74.5 -f. 

Rule.  —  I.  Point  off  the  given  number  into  periods  of  three 
figures  each,  counting  from  units'  plcLce  toward  Hie  left  for  whole 
numbers  and  toward  the  rigJUfor  decimals. 

II.  Find  the  greatest  cube  that  does  not  exceed  the  left-hand 
period^  and  write  its  root  for  the  higJiest  term  in  tJie  required  root; 
subtract  tlie  cube  from  the  left-hand  period,  and  to  the  remainder 
bring  down  the  next  period  for  a  dividend, 

III.  At  the  left  of  the  dividend  write  three  times  the  square  of 
the  first  term  of  the  root,  and  annex  two  ciphers,  for  a  trial  divisor; 
divide  the  dividend  by  the  trial  divisor,  and  write  the  quotient  for 
a  trial  term  in  the  root, 

rV.   Annex  the  trial  term  to  three  times  tJie  first  term,  and  write 

the  result  in  a  column  marked  I,  one  line  below  tJie  trial  divisor; 

multiply  this  term  by  the  trial  term,  and  write  th£  product  on  the 

same  line  in  a  cohitnf\>  warlced  TL\  oAd  tkCa  term  as  a  correction 

to  the  trial  divisor,  and  the  resxill  ibIUU  l^^  comi^^xe.  ^\x^«>t. 
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V.  Multiply  the  complete  divisor  by  the  tried  term,  and  subtract 
the  product  from  the  dividend,  and  to  the  remainder  bririg  down 
the  next  period  for  a  new  dividend, 

VI.  Add  the  square  of  the  last  term  of  tJie  root,  the  last  term 
in  column  II,  and  the  complete  divisor  together,  and  unnex  two 
ciphers,  for  a  neic  trial  divisor;  with  which  obtain  anotJier  tried 
term  in  the  root, 

VII.  Multiply  the  units  of  the  la^  term  in  column  I  by  3,  and 
annex  the  trial  tenn  of  the  root  for  the  next  term  of  column  I ; 
multiply  this  result  by  the  tried  term  of  the  root  for  the  next  term 
of  column  II ;  add  this  term  to  tJie  trial  divisor  for  a  complete 
divisor,  wUh  which  proceed  as  before, 

VIII.  If  tJiere  is  a  remainder  after  the  root  of  the  last  period 
is  found,  annex  periods  of  ciphers  and  proceed  as  before.  The 
figures  of  the  root  thus  obtained  will  represent  decimals, 

NoTB.  —  If  at  any  time  the  prodact  is  greater  than  the  divideod,  diminish  the  trial  term 
of  the  root,  and  correct  the  erroneous  work.  If  a  cipher  occurs  in  the  root,  annex  two  more 
ciphers  to  the  trial  divisor,  and  another  period  to  the  dividend ;  then  proceed  as  before  with 
column  I,  annexing  both  cipher  and  trial  term.  The  cube  root  of  a  fraction  may  be  found 
by  extracting  the  cube  root  of  the  numerator  and  denominator.  In  extracting  the  cube  root 
of  decimtU  numbers,  begin  at  units*  place  and  proceed  toward  the  right,  to  separate  into 
periods  of  three  figures  each. 

1.   What  is  the  cube  root  of  79.112  ? 


OPERATION. 


79.11214.2928-1-  Ans. 


I. 

II. 

64.  . 

122 

244 

4800 
5044 

15112 

10088 

1269 

11421 

529200 
540621 

5024000 
4865589 

12872 

25744 

55212300 
55238044 

158411000 
110476088 

128768 

1030144 

5526379200 
5527409344 

47934912000 
44219274752 

Find  the  cube  root  of : 
2.  389017.     4.  .091125. 
S.   44361801,         6.  30.623. 


3715637248,  Rem. 


6.  Ill  J. 


8.  6. 
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EVOLUTION. 


Find  the  values  of  the  following  expressions : 

10.  V122615327232.  12.    V393041 

11.  VVl34217728. 


13.  v^  X  vm- 

14.  How  much  does  the  sum  of  the  cube  roots  of  50  and  31 
exceed  the  cube  root  of  their  sum  ? 

763.   To  abbreviate  the  extraction  of  cube  root 

In  applying  con'racted  decimal  division  to  the  extraction  of  the  cube 
root  of  numbers,  we  observe : 

(1)  For  each  new  figure  in  the  root,  the  terms  in  the  operation  extend 
to  the  right  *i  places  in  the  column  of  dividends,  2  places  in  the  column 
of  divisors,  and  1  place  in  column  I.     Hence, 

(2)  If  at  any  point  in  the  operation  we  omit  to  bring  down  new  periods 
in  the  dividend,  we  must  shorten  each  succeeding  divisor  1  place,  and 
each  succeeding  term  in  column  I,  2  places. 


1.   What  is  the  cube  root  of  189, 

OPSRATION. 


I. 


II. 


5.73879355  ±  Ans, 

189.000,000 
125 


157 

1099 
5139 
1375 

7500 
8599 

974700 
979839 

(>4  000 
60  193 

1713 

3  807000 
2  939517 

1719 

984987 
986362 

867483* 
789090 

17 

12 

98774 
98786 

78393 
69150 

9880 

9243 

8892 

988 

351 

2m 

99 

55 
50 

10 

correct  to  8  decimal  places  ? 

Solution.  —  We  pro- 
ceed by  Uie  usual  meUiod 
to  extract  the  cube  root 
of  the  given  number  until 
we  have  obtained  the 
three  figui-es  5.73:  the 
corresponding  remainder 
is  867483,  and  the  next 
trial  divisor  with  the 
ciphers  omitted  18084987. 
We  now  omit  to  hrinf^ 
down  a  period  of  ciphers, 
thus  contracting  the  divi- 
dend 3  places;  and  we 
contract  the  divisor  an 
equal  number  of  places 
by  omitting  to  annex  the 
two  ciphers,  and  regard- 
ing the  right-hand  figure, 
7,  as  a  redundant  flgiue. 
Then  dividing,  we  obtain 
8  for  the  next  figure  of 
the  root.  To  complete 
the  divisor,  we  obtain  a 
correction,  1375,  cnn- 
XxwsXft^^  places  by  omit- 
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tenu  of  the  root,  8,  to  the  first  factor,  1719,  and  regarding  the  right-hand 
iigore,  9,  as  redundant  in  multiplying.  Adding  the  contraction  to  the 
contracted  divisor,  we  have  the  complete  divisor,  986362,  the  right-hand 
figure  being  redundant.  Multiplying  by  8  and  subtracting  the  product 
from  the  dividend,  we  have  78393  for  a  new  dividend.  Then  to  form  the 
new  trial  divisor,  we  disregard  the  square  of  the  root  term,  8,  because 
this  square  consists  of  the  same  orders  of  units  as  the  two  rejected  places 
in  the  divisor ;  and  we  simply  add  the  correction,  1375,  and  the  complete 
divisor,  986362,  and  rejecting  1  figure,  thus  obtain  98774,  of  which  tlie 
right-hand  figure,  4,  is  redundant.  Dividing,  we  obtain  7  for  the  next 
root  figure.  Rejecting  2  places  from  the  last  term  in  column  1,  we  have 
17  for  the  next  contracted  term  in  this  column.  We  then  obtain,  by  the 
manner  shown  in  the  former  step,  the  correction,  12,  the  complete  divisor, 
98786,  the  product,  69160,  and  the  new  dividend,  9243.  We  then  obtain 
the  new  trial  divisor,  9880 ;  and  as  column  1  is  Urmin<ited  by  rejecting 
the  two  places,  17,  we  continue  the  contracted  division  as  in  square  root, 
and  thus  obtain  the  entire  root,  5. 73879365  d:*  which  is  correct  to  the  last 
decimal  place,  and  contains  as  many  places  as  there  are  places  in  the 
periods  used. 

Rule.  —  I.  If  necesmry,  annex  ciphers  to  the  given  number, 
and  assume  as  many  terms  as  there  are  pla/^s  required  in  the 
root;  then  proceed  by  tJie  usual  method  untU  the  assumed  terms 
have  been  employed. 

II.  Form  the  next  trial  divisor  as  usual.,  but  omit  to  annex  the 
two  ciphers^  and  reject  one  place  in  forming  each  subsequent  trial 
divisor, 

III.  In  completing  the  contracted  divisors,  omit  at  first  to 
annex  the  trial,  term  of  the  root  to  the  term  in  column  I,  and 
reject  two  places  in  forming  ea/ch  succeeding  term  in  this  column, 

IV.  In  midtij>lying,  regard  the  rigJU-hand  term  of  each  con- 
traded  term,  in  column  I  and  in  the  column  of  divisors,  as 
redundant. 

NoTKS. — 1.  After  the  eontnctfon  oommences,  the  aquBre  of  the  last  root  term  Ib  disre- 
garded In  forming  the  new  trial  dlylsors. 

2.  Employ  only/tM  period*  In  the  nnmber. 

Find  the  cube  root  of : 

2.  24,  correct  to  7  decimal  places. 

3.  12000.812161,  correct  to  9  decimal  places. 

4.  .171467,  correct  to  9  decimaV  \>W^^. 
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Fiiid  the  value  of: 

6.    v^  to  6  places.  7.   1.05^  to  7  places. 

6.   -v/r08674355*  to  7  places.  8.  V.571428  to  9  places. 

Applications  of  Cube  Root. 

764.  The  following  principles  of  geometry  afford  applica- 
tions of  cube  root. 

Principles. — I.  Tfie  ratio  of  two  similar  solids  is  equal  to 
the  cube  of  the  ratio  of  any  two  like  dimensiojis, 

II.  The  ratio  of  any  two  like  dimensions  of  similar  solids  is 
equal  to  tJie  cube  root  of  the  ratios  of  the  solids. 

Examples. 

765.  1.  The  lengths  of  two  similar  solids  are  4  inches  and 
50  inches.  The  first  contains  16  cubic  inches.  ^Vhat  does  the 
second  contain? 

2.  If  a  ball  5  inches  in  diameter  weighs  8  pounds,  what  will 
be  the  weight  of  a  similar  ball  10  inches  in  diameter  ? 

3.  I  have  two  cubical  boxes.  The  side  of  the  smaller  con- 
tains 6  inches,  and  of  the  larger,  10  inches.  How  many  times 
would  the  smaller  contain  the  larger  ? 

4.  What  is  the  length  of  one  side  of  a  cistern  of  cubical 
form,  containing  1331  solid  feet  ? 

6.  The  pedestal  of  a  certain  monument  is  a  square  block  of 
granite,  containing  373248  solid  inches.  What  is  the  length 
of  one  of  its  sides  ? 

6.  A  cubical  box  contains  474552  solid  inches.  'What  is  the 
area  of  one  of  its  sides  ? 

7.  A  man  wishes  to  make  a  bin  to  contain  125  bushels,  of 
equal  width  and  depth,  and  length  double  the  width.  What 
must  be  its  dimensions  ? 

8.  If  a  cable  4  inches  in  circumference  will  support  a  sphere 
2  feet  in  diameter,  wYiat  \a  t\i^  ^\aHv^\feY  oi  that  sphere  which 
will  be  supported  by  a  ca\Aft  t>  mc\v^^  Va  ^Yt^i>x\aiKt^«B^^^^. 
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ROOTS  OF  ANT  DEGREE. 

766.  Any  root  whatever  may  be  extracted  by  means  of  the 
square  and  cube  roots,  as  will  be  seen  in  the  two  cases  which 
follow. 

Examples. 

767.  When  the  index  of  the  required  root  contains  no  other 
factor  than  2  or  3. 

We  have  seen  that  if  we  raise  any  power  of  a  given  number  to  any  re- 
quired power,  the  result  will  be  that  power  of  the  given  number  denoted 
by  the  product  of  the  two  indices  (§  732,  III).  Conversely,  if  we  ex- 
tract successively  two  or  more  roots  of  a  given  number,  the  result  must 
be  that  root  of  the  given  number  denoted  by  the  product  of  the  indices. 

1.  What  is  the  6th  root  of  2176782336  ? 

OPERATION. 

^  __  rt       .^  Solution.  —  The  index  of  the  required 

^               «  7"      ^  ^^^  ^  6  =  2  X  3  ;  we  therefore  extract 

V2 176782336  =  46656  the  square  root  of  the  given  number,  and 

>^46656             =  36   Ana.  the  cube  root  of  this  result,  and  obtain 

36,  which  must  be  the  6th  root  required. 

^^>  Or,  we  first  find  the  cube  root  of  the  given 

"\^*^17678233G  =  1296  number,  and  then  the  square  root  of  the 

^1296              =36    Ans.  «»«1'. ««««  "le  operation. 

Rule.  —  Separate  the  index  of  the  required  root  into  its  prime 
factors,  and  extract  successively  the  roots  indicated  by  the  several 
factors  obtained;  the  final  result  will  he  the  required  root, 

2.  What  is  the  6th  root  of  6321363049  ? 

3.  What  is  the  4th  root  of  5G3G40.5776  ? 

4.  What  is  the  8th  root  of  109951 1627776  ? 

6.   What  is  the  6th  root  of  25632972850442049  ? 

6.  What  is  the  9th  root  of  1.577G35  ? 

NoTK.  —Extract  the  ctibe  root  of  the  cube  root  by  the  contracted  method,  carrying  the 
root  in  each  operation  to  6  decimal  places  only. 

7.  What  is  the  12th  root  of  16.3939  ? 

8.  What  is  the  18th  root  of  104.%VI  ? 
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768.  When  the  index  of  the  required  root  is  prime,  or  contains 
any  other  factor  than  2  or  3. 

To  extract  any  root  of  a  number  is  to  separate  the  number 
into  as  many  equal  factors  as  there  are  units  in  the  index  of 
the  required  root;  and  it  will  be  found  that  if  by  any  means 
we  can  separate  a  number  into  factors  nearly  equal  to  each 
other,  the  average  of  these  factors,  or  their  sum  divided  by  the 
number  of  factors,  will  be  nearly  equal  to  the  root  indicated 
by  the  number  of  factors. 

1.   What  is  the  7th  root  of  308  ? 

OPKRATIOK. 


V3()8  =  2.59  + 

\/308  =  2.04  + 
2.59  +  2.04  =  4.63 
4.63  H-      2  =  2.31,  assumed  root. 

2.31«  =  151.93 

308  -!- 151.93  =  2.0272  -f- 

2.31  X  6  4-  2.0272  =  15.8872 

15.8872  -^  7  =  2.2696,  Ist  approximation. 

2.2696«  =  136.6748 

308  H-  136.6748  =  2.253452  -f- 

2.2696  X  6  +  2.253452  =  15.871052 

15.871052  -!-  7  =  2.267293,  2d  approximation. 

Solution.  —  We  first  find  the  6th  root,  and  also  the  8th  root  of  «308 ; 
and  since  the  7th  root  must  he  less  than  the  former  and  greater  than  the 
latter,  we  take  the  average  of  the  two,  or  one  half  of  their  sums,  2.31, 
and  call  it  the  <u8umed  root.  We  next  raise  the  assumed  root,  2.31,  to 
the  6th  power,  and  divide  the  given  number,  308,  by  the  result,  and 
obtain  2.0272  +  for  a  quotient ;  we  thus  separate  308  into  7  factors,  6  of 
which  are  equal  to  2.31,  and  the  other  is  2.0272.  As  these  7  factors  are 
nearly  equal  to  each  other,  the  average  of  them  all  must  be  a  near  ap- 
proximation to  the  7th  root.  Multiplying  the  2.31  by  6,  adding  the 
2.0272  to  the  product,  and  dividing  this  result  by  7,  we  find  the  average 
to  be  2.2606,  which  is  the  first  approximation  to  the  required  root.  We 
next  divide  308  by  the  6th  power  of  2.2096,  and  obtain  2.253452  +  for  a 
quotient;  and  we  thus  separate  the  given  number  into  7  factors,  6  of 
which  are  each  equal  to  2.2696,  and  the  other  is  2.253452.  Finding  the 
average  of  these  factors^  as  *m  l\vfe  loTtaftx  ^Xfe^^^^^V-wj^.  2.267293,  which 
Is  the  7th  root  of  the  given  A\umVT,  tott^cXXtt^^^^vcas^^^sM^M.. 
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BuLE.  —  I.  Find  by  trial  smne  number  nearly  equal  to  the 
required  rooty  and  caM  this  the  assumed  root, 

II.  Divide  the  given  number  by  that  power  of  the  assum£d 
root  denoted  by  the  index  of  the  required  root  less  1 ;  to  this  quo- 
tient add  OfS  many  times  the  assumed  root  as  there  are  units  in 
the  index  of  the  required  root  less  1,  ajid  divide  the  amount  by  tJie 
index  of  the  required  root.  The  result  will  be  the  first  approxi- 
male  root  required. 

III.  Take  the  last  approximalion  for  tJte  assumed  root,  with 
which  proceed  cw  with  tlie  former,  and  thus  continue  till  the 
required  root  is  obtained  to  what  is  considered  a  sufficient  degree 
of  exactness. 

NoTss.  — 1.  The  Involution  and  division  In  all  cases  win  be  much  abridged  by  decimal 
eontraotlon. 

i.  If  the  index  of  the  required  root  contains  the  factors,  2  or  S,  we  may  first  extract  the 
•qinare  or  enbe  root  as  many  times,  suooessively,  as  these  Ikotors  are  foand  in  the  Index, 
after  which  we  must  extract  that  root  of  the  result  which  is  denoted  by  the  remaining  Ikctor 
of  the  index.  Thus,  if  the  15th  root  were  required,  we  should  first  find  the  cube  root,  then 
the  fMx  root  of  this  result. 

2.   What  is  the  20th  root  of  617  ? 

OPERATION. 

20  =  2  X  2  X  5 
^/6^i  =  24.839485  -f- 
\/24.83y4b5  =    4.983923  + 


3.  What 

4.  What 
6.  AVhat 

6.  AVhat 

7.  What 

8.  What 

9.  What 

10.  What 

11.  What 

12.  What 

ROB. 


V4.983923    =    1.378206+    Ans, 

s  th^  5th  root  of  120  ? 
s  the  7th  root  of  1.95678  ? 
s  the  10th  root  of  743044  ? 
8  the  15th  root  of  15  ? 
s  the  25th  root  of  100  ? 
s  the  5th  root  of  5  ? 
s  the  5th  root  of  243  ? 
s  the  5th  root  of  1024  ? 
s  the  7th  root  of  16384  ? 
8  the  10th  root  of  10485T6  ? 

NEW  HTGRER  AH.  —  2^ 
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PROGRESSIONS. 


769.  A  Progression  or  Series  is  a  succession  of  nmnbers  that 
increase  or  decrease  by  a  common  law. 

770.  The  Terms  of  a  series  are  the  numbers  of  which  it  is 
composed. 

771.  The  Extremes  are  the  first  and  last  terms. 

772.  The  Means  are  the  intermediate  terms. 

773.  An  Ascending  Series  is  one  in  which  each  term  is  greater 
than  the  one  preceding,  and  a  Descending  Series  is  one  in  which 
each  term  is  less  than  the  one  preceding.  Thus,  3,  5,  7,  9, 
11,  etc.,  is  an  ascending  series,  and  13, 10,  7, 4,  etc,  is  a  descend- 
ing  series, 

774.  The  Law  of  a  series  is  the  relation  existing  between  the 
terms  or  the  rate  of  increase  or  decrease  of  the  terms. 

ARITHMETICAL  PROGRESSION. 

775.  An  Arithmetical  Progression,  or  Series,  is  a  series  of 
numbers  increasing  or  decreasing  by  a  constant  common  dif- 
ference. Thus,  the  ascending  and  descending  series  given  in 
§  773  are  arithmetical  progressions. 

776.  The  Common  Difference  is  the  difference  between  any 
two  adjacent  terms. 

777.  There  are  Jive  parts  in  an  arithmetical  series,  any  three 
of  which  being  given,  the  other  two  may  be  found.  They  are 
as  follows : 

First  term,  Common  difference, 

LoM  term,  Sum  of  oU  the  terms, 

Number  of  terms, 
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778.  The  conditions  of  a  problem  in  progression  may  be  such 
as  to  require  any  one  of  the  five  parts  from  any  three  of  the 
four  remaining  parts;  hence,  in  Arithmetical  Progression 
there  are  5  x  4  =  20  cases,  or  classes  of  problems,  and  no 
more,  requiring  each  a  different  solution. 

Sxamples. 

779.  To  find  one  of  the  extremes  when  the  other,  the  common 
difference,  and  number  of  terms  are  given. 

1.  Let  2  be  the  first  term  of  an  ascending  series  of  8  terms, 
and  3  the  common  difference.  Find  the  last  term.  The  series 
will  be  written  2,  5,  8,  11, 14,  etc.,  or  analyzed,  thus,  2,  2  -f  3, 
2  +  3  +  3,  24-3  +  3  +  3,  2  +  3  +  3  +  3  +  3. 

OPEBATION.  Solution.  —  Since    the   series 

7  X  3  __  21  ^ill  be  2,  6,  8,  1 1 ,  14,  or  analyzed 

l8ttenn,2,  +21=23,la8ttenn^«a.  J \\%  ^  +  3 +:1.  2  4-^3  +  3  + 

866  that  in  an  ascending  series,  we  obtain  the  second  term  by  adding 
the  common  difference  ones  to  the  first  term  ;  the  third  term,  by  add- 
ing the  common  difference  twice  to  the  first  term ;  the  fourth  term,  by 
adding  the  common  difference  three  times  to  the  first  term,  etc. ;  and,  in 
general,  we  obtain  any  term  by  adding  the  common  difference  as  manff 
times  to  the  first  term  as  there  are  terms  less  one.  Hence,  the  la^t  term 
will  be  eqaal  to  the  first  term,  2,  plus  7  x  3  =  23  Ans, 

Rule.  —  Multiply  the  common  difference  by  the  number  of 
terms  less  1,  and  add  the  product  to  the  first  term,  if  the  series  is 
ascending,  and  subtra^  it  if  the  series  is  descending, 

Nora.  — In  other  words,  tojtnd  the  lant  term^  multiply  the  common  difference  by  the 
nnmber  of  terms  less  I  and  add  the  first  term  ;  to  pnd  the  Jirtft  term,  multiply  the  com- 
mon differenee  by  the  number  of  terms  lens  1  and  subtract  the  last  term. 

2.  The  first  term  of  an  ascending  series  is  4,  the  common 
difference  3,  and  the  number  of  terms  19.  What  is  the  last 
term? 

3.  What  is  the  13th  term  of  a  descending  series  whose 
first  terra  is  75,  and  common  difference  5  ? 

4.  The  first  term  of  an  arithmetical  progression  is  5,  the 
common  difference  4,  and  the  number  of  terms  8.  What  is 
the  last  term  ? 

5.  If  the  first  term  of  an  ascending  series  is  2,  and  the 
common  differenee  3,  what  is  the  50t\v  \feTm*^ 
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6.  The  first  term  of  a  descending  series  is  100,  the  common 
difference  7,  and  the  number  of  terms  13.  What  is  the  hut 
term? 

7.  If  the  first  term  of  an  ai^'^ending  series  is  |,  the  common 
difference  f,  and  the  number  of  terms  20,  what  is  the  hist 
term? 

8.  A  boy  bought  18  hens,  paying  2  cents  for  the  first,  5 
cents  for  the  second,  and  8  cents  for  the  third,  in  arithmetical 
progression.    How  much  did  he  pay  for  the  last  hen  ? 

9.  What  is  the  40th  term  of  the  series  i,  f ,  ly  1^,  etc.  ? 

10.  A  man  travels  9  days ;  the  first  day  he  goes  20  miles, 
the  second  25  miles,  increasing  his  distance  5  miles  each  day. 
How  far  does  he  travel  the  last  day  of  his  journey  ? 

11.  What  is  the  amount  of  9 100,  at  7%,  for  45  years  ? 

780.  To  And  the  common  difference  when  the  extremes  and  nnm- 
ber  of  terms  are  given. 

1.  The  first  term  is  2,  the  last  term  23,  and  the  nnmber  of 
terms  8.    What  is  the  common  difference  ? 

OPBRATION.  SoLUTioif.— Referring  tothe 

Last  term  23  -  Ist  term  2  =  21        f^'^fi^^'  ^»  »•  ^\\^^  '^^y'^ 
o     -I     -  o<      -     o  /M        T\.e    A  *°  §  77®'  "^^  readily  see  tliat, 

8-1= « ;  Jl-f-  <  =t3, Com.  Dif.  Ans.      ^^y  subtracting  the  Jint  term 

from  any  term,  we  have  left  the  common  difference  taken  as  many  timet 
as  there  are  terms  less  1.  Thus,  by  taking  away  2  in  the  fifth  term,  2 
+  3  +  3  +  3  +  3,  we  have  left  12,  which  is  4  times  3.  Hence,  we  divide 
the  difference  between  2  and  23,  21,  by  8  —  1  =  7,  and  find  the  commoa 
difference  3. 

Rule.  —  Divide  the  difference  of  the  extremes  by  the  nttwber  of 
terms  less  1. 

2.  If  the  extremes  of  an  arithmetical  series  are  3  and  15, 
and  the  number  of  terms  7,  what  is  the  common  difference  ? 

3.  The  extremes  are  1  and  51,  and  the  number  of  terms 
is  76.     What  is  the  common  difference  ? 

4.  The  first  term  is  2,  the  last  term  is  17,  and  the  number 
of  terms  is  6.     What  is  the  common  differenO/O  ? 
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6.  A  man  has  seven  children  whose  ages  are  in  arithmet- 
ical progression ;  the  youngest  is  2  years  old,  and  the  eldest  14. 
What  is  the  common  difference  of  their  ages  ? 

6.  The  extremes  of  an  arithmetical  series  are  1  and  50^, 
and  the  number  of  terms  is  34.  What  is  the  common  differ- 
ence? 

7.  An  invalid  commenced  to  walk  for  exercise,  increasing 
the  distance  daily  by  a  common  difference;  the  first  day  he 
walked  3  miles,  and  the  14th  day  9^  miles.  How  many  miles 
did  he  walk  each  day  ? 

NoTB.  —  When  we  have  found  the  eommoD  difllerence,  we  may  add  It  onoe,  twice,  de., 
to  the  flrbt  term,  and  we  have  the  aeries,  and  conaequently  the  m^atui. 

8.  The  first  term  of  an  arithmetical  progression  is  5,  the 
last  term  54,  and  the  number  of  terms  8.  What  is  the  com- 
mon difference  ? 

9.  The  extremes  are  .05  and  .1,  and  the  number  of  terms 
is  8.     What  is  the  common  difference  ? 

10.  If  the  extremes  are  0  and  2^,  and  the  number  of  terms 
is  18,  what  is  the  common  difference  ? 

781.  To  find  the  number  of  terms  when  the  extremes  and  com- 
mon difference  are  given. 

1.  The  extremes  are  2  and  23,  and  the  common  difference 
2.    Find  the  number  of  terms. 

opuiATioN.  Solution.  —  Examining  the  series,  2 

23  —  2  =  21  fii  8,  1 1 ,  14,  analyzed  in  §  779,  we  see 

^^       o  _  7  *^*^  ^^^  taking  away  the  first  term 

-Jl  -f-  o  —  I  irom  any  term  we  have  left  the  com- 

7  +  1  =  8,  No.  terms  Ans.    mon  difference  taken  as  many  times  as 

the  number  of  terms  less  1.    Hence  we 
take  away  2,  the  first  term,  from  23,  the  last  term,  and  the  remainder,  ^ 
21,  is  7  times  3.    Since  7  is  the  number  of  terms  less  1,  the  number  is 
7  +  1  =  8. 

Rule.  —  Divide  the  difference  of  the  extremes  by  the  common 
differencCf  and  add  1  to  the  quotient. 

2.  The  extremes  are  5  and  75,  and  the  common  difference  is 
S,     What  is  the  number  of  terms? 
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3.  The  first  term  is  2^,  the  last  term  is  40,  and  the  common 
difference  is  7. J.    What  is  the  number  of  terms  ? 

4.  A  laborer  agreed  to  build  a  fence  on  the  following  con- 
ditions: for  the  first  rod  he  was  to  have  6  cents,  with  an 
increase  of  4  cents  on  each  successive  rod ;  for  the  last  rod  he 
received  226  cents.     How  many  rods  did  he  build  ? 

6.  The  extremes  are  ^  and  20,  and  the  common  difference 
is  6  J.     Find  the  number  of  terms. 

782.  To  find  the  sum  of  all  the  terms  when  the  extremes  and 
number  of  terms  are  given. 

1.  The  extremes  are  2  and  14,  and  the  number  of  terms  5. 
What  is  the  sum  of  the  series  ? 

OPE  RATION. 

2  +   5  4-   8  -f  11  4- 14  =  40,  once  the  sum. 
14  +  11+   8 -f   5 -f   2  =  40,     «      "      « 

16  -f  16  4- 16  -f  16  -f  16  =  80,  twice  the  sum. 

80  -!-  2  =  40,  the  sum  Ans, 

Solution.  — To  deduce  a  rule  for  finding  the  sum  of  all  the  terms,  we 
will  take  the  series  2,  6,  8,  11,  14,  iivriting  it  under  it£elf  in  an  inyeiBe 
order,  and  add  each  term. 

Here  we  perceive  that  16,  the  sum  of  the  extremes,  multiplied  by  5, 
the  number  of  terms,  equals  80,  which  is  twice  the  sum  of  the  series. 
Dividing  80  by  2  gives  40,  which  is  the  sum  required. 

Rule.  —  Multiply  the  sum  of  the  extremes  by  the  number  of 
terms f  and  divide  the  prodiuct  by  2. 

2.  The  extremes  are  5  and  32,  and  the  number  of  terms  12. 
What  is  the  sum  of  all  the  terms  ? 

8.  How  many  strokes  does  a  common  clock  make  in  12 
hours  ? 

4.  What  debt  can  be  discharged  in  a  year  by  weekly  pay- 
ments in  arithmetical  progression,  the  first  being  IP24,  and 
the  last  f  1224  ? 

5.  Suppose  100  apples  were  placed  in  a  line  2  yards  apart, 
and  a  basket  2  yards  from  the  first  apple.  How  far  would  a 
hoy  travel  to  gathei  ftiem  u^  «vxi%V^^  and  return  with  each 

separately  to  the  basket? 
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783.  By  reversing  some  one  of  the  four  problems  now 
given,  or  by  combining  two  or  more  of  them,  all  of  the 
sixteen  remaining  problems  of  Arithmetical  Progression  may 
be  solved  or  analyzed. 

1.  The  extremes  are  0  and  250,  and  the  number  of  terms  is 
1000.     \Vhat  is  the  sum  of  the  series  ? 

2.  A  person  wishes  to  discharge  a  debt  in  11  annual  pay- 
ments such  that  the  last  payment  shall  be  9220,  and  each 
payment  greater  than  the  preceding  by  $  17.  Find  the  amount 
of  the  debt,  and  the  first  payment. 

3.  The  first  term  of  an  arithmetical  progression  is  4,  the 
common  difference  5,  and  the  number  of  terms  7.  What  is 
the  sum  of  the  series  ? 

Note.  —  First  find  the  kst  term  by  S  '^9^  and  then  proceed  m  In  $  782. 

4.  The  extremes  of  an  arithmetical  progression  are  8  and 
64,  and  the  common  difference  is  8.  What  is  the  sum  of  the 
series? 

NoTS.  —  First  find  the  number  of  tenns  by  S  781,  and  then  proceed  ss  In  S  783. 

5.  A  man  traveled  13  days;  his  last  day's  journey  was  80 
miles,  and  each  day  he  traveled  5  miles  more  than  on  the  pre- 
ceding day.  How  far  did  he  travel,  and  what  was  his  first 
day's  journey  ? 

6.  A  bag  of  sand  dropped  from  a  balloon  falls  16^  ft.  the 
first  second  and  32  J^  ft.  more  each  second  than  the  one  pre- 
ceding.   How  far  does  it  fall  in  10  seconds  ? 

7.  The  distance  between  two  places  is  360  miles.  In  how 
many  days  can  it  be  traveled  by  a  man  who  travels  the  first 
day  27  miles,  and  the  last  day  45,  each  day's  journey  being 
greater  than  the  preceding  by  the  same  number  of  miles  ? 

8.  A-  farmer  pays  9 1196  in  13  quarterly  payments  in  such 
a  way  that  each  payment  is  greater  than  the  preceding  by 
9 12.     What  are  his  first  and  last  payments  ? 

9.  Find  the  first  and  last  terms  of  an  arithmetical  pro- 
gression whose  sum  is  408,  common  difference  6,  and  number 
of  terms  8. 


f 
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GEOMETRICAL  PROGSESSIOlf. 

784.  A  Geometrical  Progression  is  a  series  of  numbers  inciew 
ing  or  decreasing  by  a  constant  multiplier. 

785.  When  the  multiplier  is  greater  than  a  unit,  the  series  is 
Ascending.  When  the  multiplier  is  less  than  a  unit,  the  series 
is  Descending. 

ThuB,  2,  0,  18,  M,  162,  is  an  amending  series,  in  which  3  Is  the  mul- 
tiplier.    162,  &4|  18,  6,  2,  is  a  descending  series,  in  which  ^  is  the 

multiplier. 

786.  The  Ratio  is  the  common  multiplier. 

787.  In  every  geometrical  progression  there  are  five  parts 
to  be  considered,  any  three  of  which  being  given,  the  other  tuio 
may  be  determined.     They  are  as  follows : 

First  term,  Ratio, 

Last  term,  Sum  of  all  the  terms. 

Number  of  terms, 

788.  Hence,  as  in  Arithmetical  Progression  there  are  twenty 
different  classes  of  problems,  but  the  solution  of  all  may  be 
derived  from  the  principles  set  forth  in  the  following  cases. 

Examples. 

789.  To  find  one  extreme,  the  other  extreme,  the  ratio,  and  the 
number  of  terms  being  given. 

1.  The  first  term  of  a  geometrical  ratio  is  2  and  the  multi- 
plier or  ratio  is  3.     What  is  the  fourth  term  ? 

oPBRATiow.  Solution.— The   first   term    exists   inde- 

3>  =  27  pendently  of  the  ratio.    Sinoe  the  number  is 

2  X  27  =  54,  4th  term  ri!i'f  "**  ^l  ^'f^f^on*  *«""'«  2  x  3.  the 

'  third  term  2x3x3,  or  2x3*,  the  fourth 

^ns.  t^ynj   2x3x3x3  or  2  x  3».      Using   the 

ratio  once  as  a  factor,  gives  the  second  term  ;  using  it  twice  or  its  second 

poxoevy  the  third  term  ;  using  it  three  times  or  its  third  power,  the  fourth 

(pvm.     The  third  power  ot  S  \b  ^T ,  «ad  \.\ife  ^t%v.  ViTm^^I^xsi^akt-v^Ufid  by  27 

givis  the  fourth  term,  54. 
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Rule.  —  I.  To  find  the  last  term.  — Multiply  the  first  term  by 
thai  power  of  the  ratio  indicated  by  the  number  of  terms  less  1. 

II.  To  find  the  first  tenn.  —  Divide  the  last  term  by  that  power 
of  the  ratio  indicated  by  the  number  of  terms  less  1. 

2.  The  first  term  of  a  geometrical  series  is  6,  the  ratio  4, 
and  the  number  of  terms  6.     Find  the  last  term. 

3.  The  last  term  of  a  geometrical  series  is  192,  the  ratio  2, 
and  the  number  of  terms  7.     Wliat  is  the  first  term  ? 

4.  If  the  first  term  is  6,  the  ratio  ^,  and  the  number  of 
terms  8,  what  is  the  last  term  ? 

5.  The  first  term  is  25,  the  ratio  ^,  and  the  number  of 
terms  5.     What  is  the  last  term  ? 

6.  A  boy  bought  9  oranges,  agreeing  to  pay  1  cent  for  the 
first  orange,  2  cents  for  the  second,  and  so  on.  How  much  did 
the  last  orange  cost  him  ? 

7.  The  first  term  is  7,  the  ratio  \,  and  the  number  of  terms 
7.     What  is  the  last  term  ? 

8.  What  is  the  amount  of  $  1  at  compound  interest  for  5 
years,  at  7  %  per  annum  ? 

NoTK.  —  The  ftrttt  term  here  Is  1 1,  the  ratio  is  1 1.07,  and  the  namber  of  terms  Is  6. 

9.  A  drover  bought  7  oxen,  agreeing  to  pay  J  3  for  the 
first  ox,  ^  9  for  the  second,  $  27  for  the  third,  and  so  on. 
How  much  did  the  last  ox  cost  him  ? 

10.   Find  the  12th  term  of  the  series,  30,  15,  7^,  etc. 

790.  To  find  the  ratio,  the  extremes  and  number  of  terms  beh^ 
glTen. 

1.  The  first  term  of  a  geometrical  progression  is  2,  the  last 
term  54,  and  the  number  of  terms  4.     Wliat  is  the  ratio? 

opSBATioN.  SoLUTioif. — Since  the  la^t  term  64  = 

Kj.       9  _  97  2  ^   ^*^®  ^^^'^  power  of  the  ratio  (§  789), 

~  ^  v^54  -f-  2  will  be  the    ratio.     Hence  the 

V27  =  3,  ratio    Ans.      ratio  is  3. 

Bulk.  —  Divide  the  la>st  term  by  the  first,  and  extranet  that  root 
of  the  quotient  indicated  by  the  number  of  terms  less  1 ;  the  result 
unli  be  the  ratio. 
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2.  The  extremes  are  2  and  512,  and  the  number  of  terms 
is  6.    What  is  the  ratio  ? 

3.  The  extremes  are  ^  and  iB-f^,  and  the  number  of  terms 
is  8.  What  is  the  ratio? 

4.  The  extremes  are  7  and  .0112,  and  the  number  of  terms 
is  5.  What  is  the  ratio? 

5.  Insert  three  geometrical  means  between  8  and  5000. 

6.  The  first  term  of  a  geometrical  progression  is  1,  the  last 
term  15625,  and  the  number  of  terms  7.  Find  the  common 
ratio. 

791.  To  find  the  number  of  terms,  the  extremes  and  ratio  being 
given. 

1.  The  first  term  of  a  geometrical  progression  is  2,  the  last 
term  is  54,  and  the  ratio  3.    Find  the  number  of  terms. 

OPERATION.  JSoLUTiOH.  —  K  WB  represent  the  num- 

54  +  2  =  27  ber  of  terms  by  n,  54  -*-  2  =  3--^  (§  790). 

27  -■-  S  =  9  Hence  27  =  a  power  of  3  indicated  by  the 

"  number  of  terms  less  1.     Dividing  27  by 

9  +  3  =  3  3  until  th^  quotient  is  1,  we  find  that  27  is 

3-^3  =  1  the  third  power  of  3.    Hence  n  —  1  =3 

3  +  1  =  4  terms  Ans.       *"*^  '*»  ^®  number  of  terms,  =  4. 

EuLE. — Divide  tlie  last  term  by  the  first,  divide  tki^  quotient 
by  the  ratio ,  and  the  quotient  thus  obtained  by  the  ratio  again,  and 
80  on  in  successive  division,  till  the  final  quotient  is  1.  The  numr 
ber  of  times  the  ratio  is  used  as  a  divisor,  plus  1,  is  the  nu7nl)er 
of  terms, 

2.  The  extremes  are  2  and  1458,  and  the  ratio  is  3.  What 
is  the  number  of  terms  ? 

3.  The  first  term  is  .1,  the  last  term  100,  and  the  ratio  10. 
Find  the  number  of  terms. 

4.  The  first  term  is  -^,  the  last  term  \,  and  the  ratio  2. 
What  is  the  number  of  terms  ? 

5.  The  extremes  are  196608  and  6,  and  the  ratio  is  \,    What 
18  the  number  of  terms? 
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792.  To  find  the  sum  of  the  series,  the  extremes  and  ratio  being 
given. 

1.  Find  the  sum  of  a  geometrical  series  in  which  the  first 
term  is  2,  the  last  term  512,  and  the  ratio  4. 

OPERATIOX. 

8  +  32  +  128  +  612  +  2048  =  2728  =  {  ^^''  "uf/terSiJ!*°*  "*' *" 

But  2  -f  8  +  32  -I-  128  +  612 =    682=  j  ^'"^  ^«  ^^f  •"  *^« 

Hence,  bjTsubtracting,  we  get  2048  -  2  =  2046  =  -[  '^^''^  "he'tiJ^a!*"  *"'*" 

Dividing  by  3,  the  ratio  less  1,  2046  +  3  =   682  =  ]  ^"^  ^^  ^J^Sa."'  *"  ^ 

(612  X  4)  -  2  =  2046  ;  2040  -*-  3  =  682,  sum  Am, 

Solution.  —  II  we  take  the  series  2,  8,  32,  128,  612,  in  which  the  ratio 
is  4,  multiply  each  term  by  the  ratio,  and  add  the  terms  thus  multiplied, 
we  shall  have  the  result  shown  in  the  operation. 

The  subtraction  is  performed  by  taking  the  loxoer  line  or  series  from 
the  upper.  All  the  terms  cancel  except  2048  and  2.  Taking  their  differ- 
ence, which  is  3  times  the  sum,  and  diyiding  by  3,  the  ratio  less  1,  we 
must  have  the  sum  of  all  the  terms. 

Rule. — Multiply  the  greater  extreme  by  the  rcUiOj  subtract  the 
less  extreme  from  the  product,  and  divide  the  remainder  by  the 
ratio  less  1. 

NoTR.  —  Let  every  dtcr eating  series  be  inverted,  and  the  first  term  called  the  last ;  then 
the  ratio  wlD  be  greaUr  than  a  unit.  An  infinite  eerie*  is  a  descendingr  series  the  namber 
of  whose  terms  is  infinite.    If  the  series  is  injtnite.  the  first  term  is  a  cipher. 

2.  The  extremes  are  3  and  384,  and  the  ratio  is  2.  What  is 
the  sum  of  the  series  ? 

3.  If  the  extremes  are  5  and  1080,  and  the  ratio  is  6,  what 
is  the  sum  of  the  series  ? 

4.  If  the  first  term  is  4|^,  the  last  term  j^y  and  the  ratio  |, 
what  is  the  sum  of  the  series  ? 

5.  AVhat  is  the  sum  of  the  infinite  series,  8, 4^  2, 1,  ^,  ^,  etc.  ? 

6.  The  first  term  is  2,  the  last  term  486,  and  the  ratio  3. 
What  is  the  sum  of  all  the  terms  ? 

7.  The  first  term  is  4,  the  last  term  262144,  and  the  ratio  4. 
What  is  the  sum  of  the  series  ? 

8.  The  first  term  of  a  descending  series  is  162,  the  last 
term  2,  and  the  ratio  ^.    What  \a  tXie  sv3JEL't 


way  that  each  payment  is  3  times 
ment  is  9 10,  and  his  last  9  7290. 
debt? 

13.  A  man  wishes  to  discharge 
making  the  first  payment  $2y  the 
ment  4  times  the  preceding  paym 
of  his  indebtedness  ? 

14.  Find  the  sum  of  21  terms  of 
16.   The  first  terra  of  a  geometric; 

term  512,  and  common  multiplier  4. 

793.  Td  find  the  sum  of  the  seriee,  t 
the  number  of  terms  being  given. 

1.   The  first  term  of  a  geometrical 

3y  and  the  number  of  terms  6.    Whal 

OPERATION. 

4  X  3*  =  last : 

4x3'x3-4^4xy-4^4x( 
3-1  3-1  3 

Solution.  —  We  have  all  the  conditions 
term  is  needed.     Since  the  first  term,  the  r, 
are  ^ven,  we  find  the  last  term  by  §  780. 
§  792f  and  is  solved  in  the  same  way. 

KuLE.  —  Raise  the  ratio  to  a  power 
terms,  and  subtract  1  Aw—  *^ — 
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4.  The  first  term  is  175,  the  ratio  1.06,  and  the  number  of 
terms  5.    What  is  the  sum  of  the  series  ? 

5.  The  first  term  is  4,  the  ratio  5,  and  the  number  of  terms 
5.    What  is  the  sum  of  the  series  ? 

6.  What  yearly  debts  can  be  discharged  by  monthly  pay- 
ments, the  first  being  9  2,  the  second  $  6,  and  the  third  9 18, 
and  so  on  in  geometrical  progression  ? 

7.  Six  persons  of  the  Morse  family  came  to  this  country  200 
years  ago.  Suppose  that  their  number  has  doubled  every  20 
years  since,  what  would  it  be  now  ? 

794.  To  find  the  ratio,  the  extremes  and  the  mub  of  the  series 
being  given. 

1.  The  extremes  of  a  geometrical  progression  are  2  and 

162,  and  the  sum  of  the  series  is  242.     What  is  the  ratio  ? 

OPERATION.  Solution.  —  Let  us  assume  in  order 

242 2  =  240  ^  explain  the  process,  that  the  ratio 

0A9      1 A9  —    »rt  ^  ^*    "^^  series  will  then  be  2  +  6  + 

oTa  ""    QA           Q       *•  A          18  +  64  +  162.     If  we  remove  the 

240  -f-    80  =      3,  ratio  Ans,    fljgt  term  and  the  last  term,  succes- 

siyely,  and  compare  the  results, 

6  +  18  +  64  +  162 
2  +    6  +  18  +    54, 

we  find  that  each  term  in  the  first  line  is  3  times  the  corresponding  term 
in  the  second  line.  Hence,  the  sum  of  the  first  line  must  be  3  times  the 
sum  of  the  second  line ;  that  is  to  say,  the  sum  of  the  series  minus  the 
first  term,  240,  divided  by  the  sum  minus  the  last  term,  80  =  the  ratio,  3. 

BuLE.  —  Divide  the  sum  of  the  series  minus  the  first  term,  by 
the  sum  of  the  series  minfis  the  last  term, 

2.  The  extremes  are  2  and  686,  and  the  sum  of  the  series  is 
800.     What  is  the  ratio  ? 

3.  The  extremes  are  \  and  64,  and  the  sum  of  the  series  is 
127  J.    What  is  the  ratio  ? 

4.  If  the  sum  of  an  infinite  series  is  4^,  and  the  greater 
extreme  3,  what  is  the  ratio  ? 

795.  Every  other  problem  in  Geometrical  Progression,  that 
admits  of  an  arithmetical  solution,  may  be  solved  either  by 
reversing  or  combining  some  oi  t\vft  ^TcteX^'WA  ^t^%&?j  ^6?'^''^- 
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Compound  Interest  bt  Geometrical  Progression. 

796.  We  have  seen  (§  639)  that  if  any  sum  at  compound 
interest  is  multiplied  by  the  amount  of  ^  1  for  the  given  inter- 
yal,  the  product  will  be  the  amount  of  the  given  sum  or  prin- 
cipal at  the  end  of  the  first  interval;  and  that  this  amoimt 
constitutes  a  new  principal  for  the  second  interval,  and  so  on 
for  a  third,  fourth,  or  any  other  interval.     Hence,  a  question 

in  compound  interest  constitutes  a  geometrical  progression: 
First  term  =  PrincipaL 

Ratio  =  1  +  rate  per  cent  for  one  interval. 

Number  of  terms  =  Number  of  intervals  plus  1. 
Last  term  =  Amount 

All  the  usual  cases  of  compound  interest  and  discount  com- 
puted at  compound  interest  can  therefore  be  solved  by  the 
rules  for  geometrical  progression. 

Examples. 

797.  1.  Find  the  amount  of  9250  for  4  years,  at  6%  com- 
pound interest. 

OPER4TIOir. 

«  250  X  1.06*  =  $  250  X  1.262477  =  S  315.61925  Ans. 

Solution.  —  Here  we  have  $250  the  first  term,  1.06  the  ratio,  and  6 
the  number  of  terms,  to  find  the  last  term.  Then  by  §  780  we  find  the 
last  term,  which  is  the  amount  required. 

2.  What  is  the  amount  of  9350  for  4  years,  at  6%  per 
annum  compound  interest? 

3.  Of  what  principal  is  $  150  the  compound  interest  for  2 
years,  at  7%  ? 

4.  AVhat  sum  at  6  %  compound  interest,  will  amount  to 
$  1000  in  3  years  ? 

6.  In  how  many  years  will  $  40  amount  to  $  53.24,  at  10  % 
compound  interest  ? 

6.  At  what  rate  per  cent  compound  interest  will  any  sum 
double  itself  in  8  years  ? 

7.  What  is  the  present  ^0Ytl\  of  $  322.51,  at  5  %  compound 
interest,  due  24  years  Yience? 
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AmnnxiES. 


798.  An  Annoity  is  literally  a  sum  of  money  which  is  pay- 
able annually.  The  term  is,  however,  applied  to  a  sum  which 
is  payable  at  any  equal  intervals,  as  monthly,  quarterly,  semi- 
annually, etc. 

NoTB. — The  term.  Interval,  wlU  be  used  to  denote  the  time  between  peyments. 

Annuities  are  of  three  kinds:  Certain,  Contingent,  and 
Perpetual. 

799.  A  Certain  Annuity  is  one  whose  period  of  continuance 
is  definite  or  fixed. 

800.  A  Contingent  Annuity  is  one  which  begins  or  ends  with 
a  contingent  event — as  the  birth  or  death  of  a  person;  and 
hence  the  period  of  its  continuance  is  uncertain. 

801.  A  Perpetual  Annuity  or  Perpetuity  is  one  which  con- 
tinues forever. 

802.  Each  of  these  kinds  is  subject,  in  reference  to  its  com- 
mencement, to  the  three  following  conditions : 

1st  It  may  he  deferred,  i.e.  it  is  not  to  be  entered  upon  until 
after  a  certain  period  of  time. 

2d.  It  may  he  reversionary^  i.e.  it  is  not  to  be  entered  upon 
until  after  the  death  of  a  certain  person,  or  the  occurrence  of 
some  certain  event 

3d.  It  may  he  in  possession,  i.e.  it  is  to  be  entered  upon  at 
once. 

803.  An  Annuity  in  Arrears  or  Forborne  is  one  on  which  the 
payments  were  not  made  when  due.  Interest  is  to  be  reckoned 
on  each  payment  of  an  annuity  in  arrears,  from  its  maturity, 
the  same  as  on  any  other  debt. 

804.  The  Final  Value  or  Amount  of  an  annuity  is  the  sum  of 
all  the  payments  plus  interest  on  each  from  the  time  it 
becomes  due  till  the  annuity  ceases. 

805.  The  Present  Value  of  an  annuity  is  the  sum  of  money 
which  at  the  given  rate  of  interest  will  amount  to  the  final 
value  of  the  annuity. 


s 
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806.  The  practical  application  of  annuities  includes  leases, 
life  estates,  dower  rights,  rents,  pensions,  reversions,  life 
insurance,  salaries,  etc.     (See  §  553,  6  and  p.  327.) 

Annuities  at  Simple  Interest. 

807.  In  reference  to  an  annuity  at  simple  interest,  we 
observe : 

1.  The  first  payment  becomes  da«  at  the  end  of  the  first  interval,  and 
hence  will  bear  interest  until  the  annuity  is  settled. 

2.  The  second  payment  becomes  due  at  the  end  of  the  second  interyal, 
afnd  hence  will  bear  interest  for  one  interval  less  than  the  first  payment 

8.  The  third  payment  will  bear  interest  for  one  interval  less  than  tli6 
second  ;  and  so  on  to  any  number  of  terms.     Hence, 

4.  All  the  payments  being  settled  at  one  time,  each  will  be  less  than 
the  preceding,  by  the  interest  on  the  annuity  for  one  interval. 

Thus  if  we  have  an  annuity  of  $600  for  6  years,  which  remains  on- 
paid,  at  the  end  of  the  first  year  the  first  payment,  $  500,  will  begin  to  draw 
interest  for  4  years  and  will  amount  to  1 624 ;  the  second  payment  will  draw 
interest  for  3  years  and  will  amount  to  1 618 ;  the  third  payment,  for  3 
years,  will  amount  to  $512  ;  the  fourth  payment,  for  1  year,  will  amount 
to  $50e  ;  and  the  fifth  payment,  paid  when  due,  will  draw  no  interest 
and  hence  will  be  the  same  as  the  annuity,  $500. 

808.  Hence  we  see  that  the  amounts  of  the  payments  con- 
stitute a  descending  arithmetical  series,  which  may  be  expressed 
as  an  ascending  series^  as  follows : 

First  term  =  Annuity. 

Common  difference    =  Interest  on  annuity  for  one  interval. 

Number  of  terms       ^  Number  of  intervals  between  the  oommencement 

and  settlement  of  the  annuity. 

Last  term  =  Annuity  plus  its  interest  for  as  many  intervals  less 

one  as  intervene  between  the  commencement 
and  settlement  of  the  annuity. 

8am  of  all  the  terms  =  Final  Value  or  Amount  of  the  Annuity. 

The  rules  in  Arithmetical  Progression  will  therefore  solve 
all  problems  in  annuities  at  simple  interest. 

Examples. 

809.  1.  A  man  works  for  a  farmer  one  year  and  six  months, 
at  $20  per  month,  payable  monthly ;  and  these  wages  remain 
unpaid  until  the  expiTatiou  oi  >^<b  -^^Vc^a  \«r^  ^\  ^ec^^^j^  How 
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much  is  due  to  the  workman,  allowing  simple  interest  at  6% 
per  annum? 

OPERATION. 

<^  20  +  HP  .10  X  17  =  $  21.70,  Ist  term. 
9  20  +  9  21.70  X  18  =  $  375.30,  sum  An- 

SoLUTiOH.  —  Here  tbe  last  month^s  wages,  $20,  is  the  first  term;  the 
number  of  months,  18,  is  the  number  of  terms ;  and  the  interest  on  I 
month^s  wages,  $  .10,  is  the  common  difiterence.  Then,  by  §  779,  we  find 
the  last  term,  which  is  the  amount  of  the  first  month's  wages  for  17 
months  ;  and  by  §  782  we  find  the  sum  of  the  series,  wliich  is  the  sum  of 
all  the  wages  and  interest. 

2.  A  father  deposits  annually  for  the  benefit  of  his  son,  com- 
mencing with  his  tenth  birthday,  such  a  sum  that  on  his  21st 
birthday  the  first  deposit  at  simple  interest  amounts  to  $  210, 
and  the  sum  due  to  his  son  to  ^  1860.  How  much  is  the  deposit^ 
and  at  what  rate  per  cent  is  it  deposited  ? 

OPERATION. 

*^^^  ^  ^  -  » 210  =  f  100,  deposit 

210-100      1^^    _.      . 
=  10%,  rate  Ans, 

Solution.  —  Here  the  $  210,  the  amount  of  the  first  deposit,  is  the  last 
term ;  12,  the  number  of  deposits,  is  the  number  of  terms ;  and  1 1860, 
the  amount  of  all  the  deposits,  and  interests,  is  the  sum  of  the  series. 
By  reversing  §  782,  we  find  the  first  term  to  be  $  100,  which  is  the  annual 
deposit ;  and  by  §  780,  we  find  the  common  difference  to  be  $  10 ;  hence 
^if,  or  10%,  is  the  annual  rate. 

3.  What  is  the  amount  of  an  annuity  of  ^  150  for  5^  years, 
payable  quarterly,  at  1J%  per  quarter? 

4.  In  what  time  will  an  annual  pension  of  ^  500  amount  to 
9  3450,  at  6%  simple  interest  ? 

5.  Find  the  rate  per  cent  at  which  an  annuity  of  $  6000  will 
amount  to  9  59760  in  8  years,  at  simple  interest. 

6.  What  is  the  present  worth  of  an  annuity  of  9  300  for  5 
years,  at  6%? 

Nan.  -  Fint  flnd  the  amonnt  by  |  lEi,  Md  Ul«ii  VbA  v*«m^^  ^nvi^^V)  \W^ 
ROB.  VKW  HIGHER  AR. 80 
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AxinjiTiiBB  AT  Compound  Interest. 

810.  An  Annuity  at  compound  interest  constitutes  a  descend- 
ing geometrical  progression,  which  may  be  expressed  as  an  ascend- 
ing geonietrical  progression  if  we  regard  the  terms  as  follows : 

First  term  =  Annaity. 

Ratio  s=  1  -f  rate  per  cent  for  one  interval,  exprened  deci- 

mally/ 

Number  of  teima       sk  Number  of  intervals. 

Last  term  »  First  term  multiplied  by  1  +  the  rate  per  cent  for 

one  interval  raised  to  a  power  1  leas  than  the 
number  of  terms. 

Sum  of  all  the  terms  =  Final  Value  or  Amount  of  the  Annuity. 

811.  To  find  the  present  value. —  First  find  the  amount  of 
the  annuity  at  the  given  rate  and  for  the  given  time,  by  §  782 ; 
then  find  the  present  value  of  this  amount  by  dividing  it  by  the 
amount  of  9 1  at  compmmd  interest, 

812.  The  present  value  of  a  reversionary  annuity  is  that 
principal  which  will  amount,  at  the  time  the  reversion  expires, 
to  what  will  then  be  the  present  value  of  the  annuity. 

813.  The  present  value  of  a  perpetuity  is  a  sum  whose  inter- 
est equals  the  annuity. 

814.  Hence,  it  will  be  seen  that  all  questions  in  Annuities 
at  compound  interest  can  be  solved  by  the  rules  of  Geometrical 
Progression,  by  substituting  the  corresponding  terms. 

Note.  -  Consalt  the  oompoand  loterast  tabto,  pp.  8T0,  8T1,  to  find  powem.  Loe*  Is  the 
same  as  the  amount  of  $  1  Ibr  T  yean  at  6  %. 

Kxamples* 

816.  1.  What  is  the  amount  of  an  annuity  of  $500  which 
is  7  years  in  arrears,  at  6%  compound  interest  ? 

OPERATION. 

>  500  X  (1.06^  - 1)  ^  ^  251.815  -*-  .06  =  »  4196.91*  Ans, 
1.06-1  ' 

Solution.  —  The  payment  now  due,  ^500,  is  the  first  term  of  a  geo- 
metrical ratio,  1 .06,  the  amount  of  ^  1  for  1  year,  is  the  ratio,  and  7  the 
number  of  terms.    Solving  \>>f  ^1%^,  ^^  ^^^  ^^  w^^  ^^  tl«  aeries,  which 
is  the  amount  of  the  annuity,  to  \»  %4\W.^\V 
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2.  What  is  the  present  worth  of  the  annuity  in  Ex.  1  ? 

OPERATION. 

9  4196.91f  -^  1.50363  =  $  2791.18+  Ans. 

Solution. — The  amount  of  the  annuity  is  $4196.91}.  The  amount 
of  $1  for  7  years  at  6%  is  9 1.60368.  Hence  the  present  worth  is 94196.91f 
+  1.60363  =  $  2791. 18 -f. 

3.  Find  the  annuity  whose  amount  for  6  years,  at  6%  com- 
pound interest,  is  9  2818.55. 

OPERATION. 

$2818.55  X  1.06-1  ^^^3^3 gg         .06     ^  JF  169.113 ^^^^ 

1.06* -1  .338226       .338226       ^T^ 

Ans. 

Solution.  —  92818.66  =  sum  of  series ;  6  =  number  of  terms ;  1.06  = 
ratio.    Reversing  the  rule  (§  793),  we  find  the  answer  to  be  9  600. 

4.  What  is  the  present  value  of  a  reversionary  lease  of 
$100  commencing  14  years  hence  and  to  continue  20  years, 
compound  interest  at  5%  ? 

OPERATION. 

>  100  X  (1.05»  - 1)  ^  $  100  X  1.653298  ^  $  165.3298 

1.05  - 1  .05  .05 

=  $3306.596,  Final  Value. 

$  3306.596  -f-  5.253348  =  $  629.426,  Pres.  Worth.  Ans. 

Solution.  —  We  first  find  the  value  of  the  annuity  in  arrears  for  the 
20  years,  or  its  worth  when  it  expires.  ^  100  is  the  first  term,  20  the 
number  of  terms,  and  1.06  the  ratio,  and  we  find  the  sum  of  the  series 
or  the  final  value,  ^  3306.696,  by  §  793.  This  is  what  the  lease  is  worth, 
20  +  14  =  34  years  hence.  Since  the  amount  of  9 1  for  34  years  at  6%  is 
f  6.263348, 9  3306.696  -f-  6.263348,  or  9  629.426,  most  be  the  present  worth. 

6.  An  annual  pension  of  $  500  is  in  arrears  10  years.  What 
is  the  amount  now  due,  allowing  6%  compound  interest  ? 

6.  Allowing  6%  compound  interest  on  an  annuity  of  $200, 
which  is  in  arrears  20  years,  what  is  its  present  amount  ? 

7.  What  is  the  present  worth  of  an  annuity  of  $500  for 
7  years,  at  6%  compound  interest  ? 

8.  An  annuity  of  $  200  for  12  years  is  in  reversion  6  years. 
What  is  its  present  worth,  compound  interest  at  6%  ? 

9.  Find  the  annuity  whose  amount  for  25  years  is 
f  16439.35,  at  6fo  compound  intetea^.. 


MENSURATION. 


816.  Geometry  treats  of  quantities  which  have  extension  and 
form.     Such  quantities  are  called  Kagnitudes. 

817.  Mensuration  is  the  process  of  finding  the  number  of 
units  in  extension  by  computation  or  measurement  It  is  the 
application  of  arithmetic  to  geometry. 

818.  Bxtension  denotes  that  property  of  bodies,  by  virtue  of 
which  they  occupy  definite  portions  of  space.  Its  dimensions 
are  lengthy  breadth,  and  thickness, 

819.  A  Point  is  that  which  has  position  only. 

820.  Direction  is  relative  position  of  points. 

821.  A  Line  has  length,  but  neither  breadth,  nor  thickness. 
A  Surface  has  length  and  breadth,  but  no  thickness.  A  Solid 
has  length,  breadth,  and  thickness. 

LINES  AND  ANGLES. 

822.  A  Straight  Line  is  a  line  that  does 
not  change  its  direction.  It  is  the  shortest 
distance  between  two  points. 

823.  A  Broken   or   Crooked  Line  is  one 

made  up  of  two  or  more  straight  lines.     It 
changes  its  direction  at  one  or  more  points. 

824.  A  Curved  Line  changes  its  direction 
at  every  jwint. 

825.  A  Uniform  Curve  is  one  that  changes  its  direction 
regularly. 

*  Some  of  the  problems  under  Mensaretion  have  been  explained  before  as  appUcations 
of  Multiplication,  Denominate   Numbers,  Involution,  Svolation,  etc.    They  are  here 
ipMtad. 

4»^ 
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826.  A  Varying  Carre  is  one  that  changes  its  direction 
irregularly. 

827.  Parallel  Lines  have  the  same  direc- 
tion ;  and  being  in  the  same  plane  and  equally 
distant  from  each  other,  they  can  never 
meet 

828.  A  Horizontal  Line  is  a  line  parallel  to 
the  horizon  or  water  level. 

829.  A  Perpendicular  Line  is  a  straight  line 
drawn  to  meet  another  straight  line  at  right 
angles,  that  is,  so  as  to  incline  no  more  to  one 
side  than  to  the  other. 

830.  A  perpendicular  to  a  horizontal  line  is 
called  a  Vertical  Line. 


1 

• 

1 

1 

1 

> 

^ 

UorizonUl. 


^^ 


831.  Oblique  Lines  approach  each  other,  and 
will  meet  if  sufficiently  extended. 

832.  An  Angle  is  the  opening  between  two 
lines  that  meet  each  other  in  a  common  point, 
called  the  vertex, 

833.  Angles  are  measured  by  Degrees 
(§  378). 

834.  A  Right  Angle  is  an  angle  formed  by 
two  lines  perpendicular  to  each  other. 

A  right  angle  is  always  equal  to  00°. 

885.  An  Obtuse  Angle  is  greater  than  a 
right  angle. 

It  may  be  equal  to  any  number  of  degrees  more 
than  90°  and  less  than  180°.  At  180°  the  two  lines 
forming  the  angle  merge  into  one,  and  become  a 
straight  line. 

836.  An  Acute  Angle  is  less  than  a  right 
angle. 

An  acute  angle  may  be  any  number  of  degrees  less  than  00^. 

837.  Obtuse  and  acute  angles  ar^  ^%o  ^^IL<^<i  QMi<^<^  Jluj^Im. 


z 
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MKMSUKATION. 


PLANS  FIGUSBa 
Polygons. 

838.  A  Plane  Figure  is  a  portion  of  a  plane  surface  bounded 
by  straight  or  curved  lines. 

839.  A  Polygon  is  a  plane  figure  bounded  by  straight  lines. 

840.  The  Perimeter  of  a  polygon  is  the  sum  of  its  sides. 

841.  The  Center  of  a  regular  polygon  is  the  point  within, 
equally  distant  from  the  middle  points  of  the  sides. 

842.  The  Altitude  of  a  polygon  is  the  perpendicular  distance 
from  the  highest  point,  or  one  of  the  highest  points,  to  the  line 
of  the  base. 

843.  The  Apothem  of  a  regular  polygon  is  the  perpendicular 
line  drawn  from  the  center  to  the  middle  of  a  side. 

844.  The  Base  is  the  side  on  which  a  figure  is  supposed  to 
stand. 

845.  The  Area  of  a  plane  figure  is  the  surface  included 
within  the  lines  which  bound  it. 

A  Regular  Polygon  has  all  its  sides  and  all  its  angles  equal. 
A  polygon  of  three  sides  is  called  a  Triangle ;  of  four  sides,  a  Tetragon, 
or  Quadrilateral ;  of  five  sides,  a  Pentagon,  etc. 


Pentagon.         Hexagon.         HepUfiroD-         OoUgon.  Kontgon.  Decagon. 

Ezamplefi. 
846.  To  find  the  area  of  a  regular  polygon. 
1.   Find  the  area  of  a  regular  hexagon,  whose  sides  are  each 
3  in.,  and  the  apothem  1.782  in. 

OPERATION. 

¥xS  X  1.732 -h 2  =  15.688  sq.  in.  Ans. 
Rule.  —  Multiply  the  perimeter  by  half  the  apothem. 

Mora.  — B«  oarafiiMA  flndisf  tbo  product  of  two  liaot  to  aKpfraaa  th&m  In  tlMtamo  unit 
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2.  Find  the  area  of  a  regular  octagon,  each  of  whose  sides 
is  4  in.  and  its  apothem  4.82  in. 

3.  Find  the  area  of  a  regular  pentagon,  whose  side  is  3^  in. 
and  its  apothem  2.23  in. 

4.  Find  the  area  of  a  regular  decagon,  whose  side  is  10  ft. 
and  the  apothem  15.38  ft 


Triangles. 

847.  A  Triangle  is  a  plane  figure  bounded  by  three  sides, 
and  having  three  angles. 

848.  A    Right-angled   Triangle   is    a 

triangle  having  one  right  angle. 

849.  The  Hypotenuse  of  a  right- 
angled  triangle  is  the  side  opposite  the 
right  angle. 

850.  The  Base  of  a  triangle  is  the  side  on  which  it  may  be 
supposed  to  stand. 

851.  The  Perpendicular  of  a  right-angled  triangle  is  the  side 
which  forms  a  right  angle  with  the  base. 

852.  The  Altitude  of  a  triangle  is  a  line  drawn  perpendicular 
to  the  base  from  the  angle  opposite. 

1.  The  dotted  vertical  lines  in  the  figures  represent  the  altitude, 

2.  Triangles  are  named  from  the  relation  both  of  their  sides  and  angles. 


Fio.  1. 


Fio.  9. 


Fio.  8. 


Sqallstenl. 


Ifloaeelefl. 


Scalene. 


853.  An  Equilateral  Triangle  has  its  three  sides  equal. 

854.  An  Isosceles  Triangle  has  only  two  of  its  sides  equal. 

855.  A  Scalene  Triangle  has  all  of  its  sides  unequal. 
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856.  An  Sgniangiilar  Triangle  has  three  equal  angles.  (Fig.l.) 

857.  An  Acnte-angted  Triangle  has  three  acute  angles.  (Fig.  2.) 

858.  An  Obtnae-angted  Triangle  has  one  obtuse  angle.  (Fig.  3.) 

Sxamplea. 

859.  The  baae  and  altitude  of  a  triangle  being  given,  to  find 
itaaiea. 

1.  Find  the  area  of  a  triangle  whose  base  is  26  ft  and 
altitude  14.5  ft 

OPB1LA.TIOK. 

14.5  X  26H-2=188Jsq.ft    Or,26x  iti!=i88Jsq.ft,area^n«. 

Rule.  —  Divide  the  produd  of  the  base  and  altitude  by  2.     Or, 
Multiply  the  base  by  one  ludfthe  altitude. 

2.  What  is  the  area  of  a  triangle  whose  altitude  is  10  yd. 
and  base  40  ft  ? 

Find  the  area  of  a  triangle 

3 .  Whose  base  is  12  ft  6  in.  and  altitude  6  ft  9  in. 

4.  Whose  base  is  25.01  eh.  and  altitude  18.14  ch. 

6.  What  will  be  the  cost  of  a  triangular  piece  of  land 
whose  base  is  15.48  ch.  and  altitude  9.67  ch.,  at  9  60  an  acre  ? 

6.  At  9  -40  a  square  yard,  what  is  the  cost  of  paving  a 
triangular  court,  its  base  being  105  ft.  and  altitude  21  yd.  ? 

7.  Find  the  area  of  the  gable  end  of  a  house  that  is  28  ft 
wide,  the  ridge  of  the  roof  being  15  ft  higher  than  the  foot  of 
the  rafters. 

860.  The  area  and  one  dimension  being  given,  to  find  the  other 
dimenaion. 

1.  What  is  the  base  of  a  triangle  whose  area  is  189  sq.  ft 
and  altitude  14  ft  ? 

OPBRATlOir. 


189  X  2  -I- 14  =  27  ft,  base  Ana. 
RuLS.  —  Double  the  area,  then  divide  by  the  given  dimenmon. 
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2.  Find  the  altitude  of  a  triangle  whose  area  is  20^  sq.  ft 
and  base  3  yd. 

Find  the  other  dimension  of  the  triangle 

3.  When  the  area  is  65  sq.  in.  and  the  altitude  10  in. 

4.  AVhen  the  base  is  42  rd.  and  the  area  588  sq.  rd. 
6.   When  the  area  is  6^  acres  and  the  altitude  17  yd. 

6.  When  the  base  is  12.25  ch.  and  the  area  5  A.  33  sq.  rd. 

7.  I  paid  91050  for  a  piece  of  land  in  the  form  of  a  tri- 
angle,  at  the  rate  of  $5^  per  square  rod.  If  the  base  is  8  rd., 
what  is  its  altitude? 

861.  The  three  sides  of  a  triangle  being  given,  to  find  its  area. 

1 .  Find  the  area  of  a  triangle  whose  sides  are  30,  40,  and 
50  ft 

OPERATION. 

(30  -f  40  +  50)  -h  2  =  60;  60  -  30  =  30; 

60-40  =  20;  60-50  =  10. 

V60  X  30  X  20  X  10  =  600  ft,  area  Am. 

Rule. — Prom  half  the  sum  of  the  three  sides  subtract  each 
side  separately;  find  the  continued  product  of  the  half-sum  and 
the  three  remainders;  the  square  root  of  this  product  is  the 
area. 

2.  What  is  the  area  of  an  isosceles  triangle  whose  base  is 
20  ft.,  and  each  of  its  equal  sides  15  ft.  ? 

3.  How  many  acres  are  there  in  a  field  in  the  form  of  an 
equilateral  triangle  whose  sides  measure  70  rd.  ? 

4.  The  roof  of  a  house  30  ft.  wide  has  the  rafters  on  one 
side  20  ft  long,  and  on  the  other  18  ft.  long.  How  many 
square  feet  of  boards  will  be  required  to  board  up  both  gable 
ends? 

5.  The  three  sides  of  a  triangular  field  are  56  rd.  72  rd.  and 
92  rd.  re8i)ectively.     What  is  its  area  ? 

6.  Find  the  area  of  an  isosceles  triangle  whose  base  is  16  in. 
and  each  of  its  sides  32  in. 


474 


MENSURATION. 


862.   The  following  principles  relating  to  right-angled  tri- 
angles have  been  established  by  geometry. 

Pkinc  I PLES. — I.   The  sqtiare  of  Hie  hypotenuse  of  a  right-angled 
triangle  is  equal  to  the  sum  of  the 
squares  of  the  other  two  sides. 

II.  The  square  of  the  base^  or  of 
the  perpendiadary  of  a  right-angled  tri- 
angle is  equal  to  the  square  of  the 
hypotenuse  diminished  by  the  square 
of  the  other  side. 


What  is  the  length  of 


863.  To  find  the  hypotenuse. 

1.  The  base  of  a  right-angled  tri- 
angle is  12,  and  the  perpendicular  16. 
the  hypotenuse  ? 

OPERATION. 

12«  +  d  6«  =  400  (§  862, 1).     ViOO  =  20,  hypotenuse  Ans. 

BuLE.  — Extranet  the  square  root  of  the  sum  of  the  squares  of 
the  base  and  the  perpendicular;  the  result  will  be  the  hypotenuse. 

2.  If  the  gable  end  of  a  house  40  ft.  wide  is  16  ft.  high, 
what  is  the  length  of  the  rafters  ? 

8.  A  park  25  ch.  long  and  23  ch.  wide  has  a  walk  running 
through  it  from  opposite  corners  in  a  straight  line.  What  is 
the  length  of  the  walk  ? 

4.  A  room  is  20  ft.  long,  16  ft  wide,  and  12  ft  high.  What 
is  the  distance  from  one  of  the  lower  comers  to  the  opposite 
upper  comer  ? 

864.  To  find  the  tMse  or  peipendicalar. 

1.  The  hypotenuse  of  a  right-angled  triangle  is  35  ft,  and 
the  perpendicular  is  28  ft.     What  is  the  base  ? 

OPERATION. 

35«  -  28«  =  441  (§  862,  II).     VSI  =  21  ft.,  base  Ans. 

Rule.  —  Extract  the  square  root  of  the  difference  between  the 
square  of  the  hypotenuse  and  the  square  of  the  given  side;  the 
result  will  be  the  required  sid^. 
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2.  The  hypotenuse  of  a  rightrangled  triangle  is  53  yd.  and 
the  base  is  84  ft.     Eind  the  perpendicular. 

3.  A  line  reaching  from  the  top  of  a  precipice  120  ft.  high, 
on  the  bank  of  a  river,  to  the  opposite  side  is  380  ft.  long. 
How  wide  is  the  river  ? 

4.  A  ladder  39  ft.  long  stands  against  the  side  of  a  build- 
ing. How  many  feet  must  it  be  drawn  out  at  the  bottom  that 
the  top  may  be  lowered  3  ft.  ? 

Quadrilaterals. 

865.  A  Quadrilateral  is  a  plane  figure  bounded  by  four  straight 
lines,  and  having  four  angles. 

There  are  three  kinds  of  quadrilaterals,  —  the  PArallelogram,  Trape- 
zoid, and  Trapezium. 

866.  A  Parallelogram  is  a  quadrilateral  which  has  its  oppo- 
site sides  parallel. 

There  are  four  kinds  of  parallelograms,  —  the  Square,  Rectangle, 
Rhomboid,  and  Rhombus. 

867.  A  Rectangle  is  any  parallelogram  having  all  its  angles 
right  angles. 

868.  A  Square  is  a  rectangle  whose  sides  are  equal. 

869.  A  Rhomboid  is  a  parallelogram  whose  opposite  sides 
onhj  are  equal,  but  whose  angles  are  not  right  angles. 

870.  A  Rhombus  is  a  parallelogram  whose  sides  are  cdl  equal, 
but  whose  angles  are  not  right  angles. 


Square. 


Rectangle. 


Rhomboid . 


Rhombus. 


871.  A  Trapezoid  is  a  quadrilateral,  two  of  whose  sides  are 
parallel  and  two  oblique. 

872.  A  Trapezium  is  a  quadrilateral  having  no  two  sides 
parallel. 
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873.  The  Altitnde  of  a  parallelogram  or  trapezoid  is  the 
perpendicular  distance  between  its  pandiel  sides. 

The  vertical  dotted  lines  in  the  figures  represent  the  altitude. 

874.  A  Diagonal  of  a  plane  figure  is  a  straight  line  joining 
the  vertices  of  two  angles  not  adjacent. 


Parallelosrram. 


Trapezoid. 


Trapezium. 


Examples. 

875.  To  find  the  area  of  any  parallelogram. 

1.  Find  the  area  of  a  parallelogram  whose  base  is  16.25 
ft.  and  altitude  7.5  ft. 

OPKRATION. 

16.25  X  7.5  =  121.875  sq.  ft.,  area  Ans. 
Rule.  —  Mxdtipbj  the  base  by  the  altitude, 

2.  The  base  of  a  rhombus  is  10  ft.  6  in.,  and  its  altitude 
is  8  ft.     What  is  its  area  ? 

3.  How  many  acres  are  there  in  a  piece  of  land  in  the  form 
of  a  rhomboid,  the  base  being  8.75  ch.  and  the  altitude  6  ch.  ? 

4.  What  is  the  area  in  square  centimeters  of  a  rectangle 
which  is  41"*"  long  and  52**™  wide  ? 

6.   What  is  the  width  of  a  rectangle  4*™   long  which  con- 
tains 14*»""  ? 

876.  To  find  the  area  of  a  trapezoid. 

1 .   Find  the  area  of  a  trapezoid  whose  parallel  sides  are  23 
ft.  and  11  ft,  and  the  altitude  9  ft. 

OPBRATIOK. 


(23  -h  11  -s-  2)  X  9  =  153  sq.  ft.,  area  Arts. 

Rule.  —  Multiply  one  half  the  sum  of  the  paraUd  sides  by 
the  altitude. 
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2.  What  is  the  area  of  a  trapezoid  whose  parallel  sides  are 
178  ft.  and  146  ft.  and  the  altitude  69  ft.  ? 

3.  How  many  square  feet  are  there  in  a  board  16  ft.  long, 
18  in.  wide  at  one  end  and  25  in.  wide  at  the  other  end  ? 

4.  One  side  of  a  quadrilateral  field  measures  38  rd. ;  the  side 
opposite  and  parallel  to  it  measures  26  rd.,  and  the  distance  be- 
tween the  two  sides  is  10  rd.   Find  the  area. 

877.  To  find  the  area  of  a  trapezium. 

1.  Eind  the  area  of  a  trapezium  whose 
diagonal  is  42  ft,  the  perpendiculars  to 
this  diagonal,  as  in  the  diagram,  being  16  ft.  and  18  ft. 

OPERATION. 

(18  + 16  -s-  2)  X  42  =  714  sq.  ft.,  area  Ans. 

Rule,  — Multiply  the  diagonal  by  half  the  sum  of  the  perpen- 
diculars drawn  to  it  from  the  vertices  of  the  opposite  angles, 

2.  Find  the  area  of  a  trapezium  whose  diagonal  is  35  ft. 
6  in.,  and  the  perpendiculars  to  this  diagonal  9  ft.  and  12  ft 
6  in. 

3.  How  many  acres  are  there  in  a  quadrilateral  field  whose 
diagonal  is  80  rd.,  and  the  perpendiculars  to  this  diagonal 
20.453  and  50.832  rd.  ? 

To  find  the  area  of  any  regular  polygon,  multiply  its  perimeter,  or  the 
Bum  of  ite  sides,  by  the  perpendicular  falling  from  its  center  to  one  of  its 
sides. 

To  find  the  area  of  any  I'rre^uZar  polygon,  divide  the  figure  into  triangles 
and  trapeziums,  and  find  the  area  of  each  separately.  The  sum  of  these 
areas  will  be  the  area  of  the  whole  polygon. 

Circles. 

878.  A  Circle  is  a  plane  figure  bounded  by  a  curved  line, 
called  the  circumference,  every  point  of  which 
is  equally  distant  from  a  point  within  called 
the  center, 

879.  The  Diameter  of  a  circle  is  a  line  pass- 
ing through  its  center,  and  terminated  at  both 
ends  by  the  circumference. 


r 
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880.  The  Radina  of  a  circle  is  a  line  extending  from  its 
center  to  any  point  in  the  circumference.  It  is  one  half  the 
diameter. 

Bxamplea. 

881.  When  either  the  diameter  or  the  circumference  of  a  drde  is 
given,  to  find  the  other  dimension  of  it. 

1.  Find  the  circumference  of  a  circle  whose  diameter  is. 
20  in. 

OPKRATION. 

20  in.  X  3.1416  =  62.832  in.  =  6  ft  2.832  in.,  circum.  Ans, 

2.  Find  the  diameter  of  a  circle  whose  circumference  is 
62.832  ft. 

OPERATIOK. 

62.832  ft.  -8-  3.1416  =  20  ft.,  diameter  Ans, 

BuLE.  —  I.  Multiply  the  diameter  by  3.1416 ;  the  product  wiU 
be  the  circumference, 

II.  Divide  the  circumference  by  3.1416 ;  the  quotient  unR  be  the 
diameter. 

3.  What  is  the  circumference  of  a  wheel  5  ft  6  in.  in 
diameter  ? 

4.  Find  the  diameter  of  a  wheel  whose  circumference  is 
50  ft 

6.   What  is  the  diameter  of  a  tree  whose  girth  is  18  ft.  6  in.  ? 

6.  Find  the  length  of  tire  that  will  band  a  wheel  7  ft.  9  in. 
in  diameter. 

7.  The  diameter  of  a  cylinder  is  8  ft.  6  in.    Find  its  girth. 

8.  What  is  the  radius  of  a  circle  whose  circumference  is 
31.416  ft  ? 

9.  The  distance  around  the  earth  at  the  equator  is  24899 
miles.     What  is  the  length  of  the  earth's  equatorial  diameter  ? 

10.  The  radius  of  a  circle  is  10  ft  What  is  its  circum- 
ference ? 

11,  Find  the  ciTCumieTCiivefe  oi  >iJtvfe  ^^'a.X&^t  ^dtde  that  can  be 
drawn  with  a  string  14  m.  \oiv^,  w^^^  »  ^t^^x^a. 


882.  Tofindtheireaof  adrde,  whenbotb  tUdiAffltteranddi- 
ctunference  are  given,  or  when  either  is  given. 

Kdti.  ^  A  drcle  maj  he  retarded  u  beln^  oompoifd  c 

er  u  Indallnlle  nambcr  at  I^isnsle^  tlw  •um  or  wbDM  

buM  romi  Ihe  tlrcumteTtnct  ot  Uw  circle  msd  iibo»  iltl- 
Isde  Is  tha  ndlgt.  II<Qce  lu  vn  (quals  Iha  clnDiDf»r- 
ai»  bj  4  ths  ndlut  or  1  Uh  •lUmaWr. 

1.   Find  the  area  of  a  cirele  whose     ^^^^ 
diameter  is  10  ft.  and  circumference 
31.416  ft. 


31.416  ft.  X  10  +  4  =  78.64  sq.  ft,  area  Ana. 
2.   Find  the  area  of  a  circle  whose  diameter  is  10  ft 


(10  ft)»  X  .7854  =  78.54  sq.  ft,  area  Ana. 
8.   Find  the  area  of  a  circle  whose  circumference  is  31.416  ft. 


31.416  ft +  3.1416  =  10  ft,  diameter; 
(10  ft)*  X  .7854  =  78.54  sq.  ft,  area  Ana. 
Rule.  —  I.  Multij^y  the  square  of  the  diameter  by  ,7854.    Or, 
Mvltiply  \  of  the  diameter  by  the  circumference. 
4.   What  is  the  area  of  a  circular  pond  whose  circumference 
is  200  chains  ? 

B,   The  distance  around  a  circular  park  is  H  miles.     How 
many  acres  does  it  contain  ? 

6.  Find  the  area  of  a  circle  whose  diameter  is  15™. 

7.  Find  the  area  of  the  largest  circle  that  can  be  drawn  by 
using  as  a  ratlius  a  string  20  in.  long. 

883.  To  find  tbe  diameter  or  drcumference  of  a  circle,  when  tin 
•t«a  la  given. 

1.   What  is  the  diameter  of  a  circle  whose  area  is  1319.472 
sq.ft.? 


Vi^i'J.iJ'j'sti.  ft.  +  .'854  =  W.^SI  -V  ^"i"  ^ii>asB-  ^^«>- 


I 
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2.   What  is   the  circumference  of  a  circle  whose  area  is 
19.636  sq.  rd.? 


OPERATION. 


V19.635  sq.  rcL  -i-  3.1416  =  2.5  rd.,  radius ; 

2.5  rd.  X  2  X  3.1416  =  15.708  rd-,  circumference  Ans. 

KuLB.  —  I.  Divide  the  area  by  .7854  and  extraxA  the  square 
root  of  the  qtuotient ;  the  result  will  be  the  diameter.     Or, 

Divide  the  area  by  3.1416  and  extract  the  square  root  of  the 
quotietit  ;  the  result  will  be  tlie  radius,  TJie  circumference  is 
obtained  by  §  881,  I.     Or, 

Divide  tlie  area  by  .07958,  and  extixuU  Uie  square  root  of  the 
quotietit  ;  the  resuU  wiU  be  the  circumference. 

3.  The  area  of  a  circular  lot  is  38.4846  sq.  rd.  What  is  its 
diameter  ? 

4.  The  area  of  a  circle  is  286.488  sq.  ft  What  are  the 
diameter  and  the  circumference  ? 

6.  The  area  of  a  circular  lot  is  1  acre.  What  is  its  diam- 
eter? 

884.  To  find  the  side  of  an  inscribed  square  when  the  diameter  of 
the  circle  is  known. 

1.   What  is  the  side  of  a  square  inscribed 
in  a  circle  whose  diameter  is  6  rods  ? 

OPERATION. 

6'  -!-  2  =  18 ;  Vi8  =  4.24  rd.,  side  of  sq.  Ans, 

Bulb.  —  Extras  the  square  root  of  half  (he 
square  of  Uie  diameter.     Or, 

Multiply  the  diameter  by  .7071. 

It  is  evident  from  the  diagram  that  the  side  oi  a  circumscribed  square 
id  the  same  length  as  the  diameter  of  the  circle  about  which  it  is  circum- 
scribed. Hence  the  area  of  a  circumscribed  square  equals  the  square  of 
the  diameter,  and  since  the  area  of  the  circle  equals  .7854  times  the  square 

of  the  diameter  (|  BSi")  \t  lo\\o\«%  VJaaX.  th*  aYt<\  c*!  tJh*.  circle  tq^als  .7864 

iimes  $he  area  of  tht  circum^crtbed  square. 


Ijiacribod  and  dream- 
scribed  square. 
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2.  The  diameter  of  a  circle  is  200  ft.     Find  the  side  of  the 
inscribed  square. 

3.  The  circumference  of  a  circle  is  104  yd.     Find  the  side 
of  the  inscribed  squai-e. 

4.  What  is  the  area  of  a  square  circumscribed  about  a  circle 
whose  diameter  is  8  ft.  ? 

5.  What  is  the  area  of  a  square  inscribed  within  a  circle 
whose  diameter  is  2  ft.  ? 

6.  What  is  the  area  of  a  circle  whose  circumscribed  square 
is  35  ft.  long  ? 

7.  What  is  the  length  of  a  square  circumscribed  about  a 
circle  whose  area  equals  19.635  sq.  yd.  ? 

8.  WTiat  is  the  diameter  of  a  circle  if  the  area  of  the  in- 
scribed square  equals  512  sq.  ft.  ? 

9.  What  is  the  circumference  of  a  circle  if  the  area  of  the 
circumscribed  square  equals  9604  sq.  rd.  ? 

10.   At  $  .50  a  rod,  what  is  the  cost  of  building  a  square  fence 
alK)ut  a  circular  pond  whose  diameter  equals  35  rd.  ? 

886.   To  find  the  area  of  a  circular  ring,  formed  by  two  concen- 
tric circles. 

1.   Find  the  area  of  a  circular  ring,  when 
the  diameters  of  the  circles  are  20  ft.  and  30  ft 


OPERATION. 

(30»  X  .7854)  -  (20*  x  .7854)  =  (30«  -  20^  x 
.7854  =  500  X  .7854 

=  392.7  sq.  ft.,  area  Ans, 
KuLE. — Multiply  the  difference  between  the  squares  of  the 
diameters  by  .7854. 

2.  Find  the  area  of  a  circular  ring  formed  by  two  concentric 
circles,  whose  diameters  are  7  ft.  9  in.  and  4  ft.  3  in. 

3.  The  diameters  of  two  concentric  circles  are  35.75  and 
16.25  ft.     Find  the  area  of  the  ring. 

4.  The  area  of  a  circle  is  1  A.  154.10  sq.  rd,  A  pond  in  the 
center  is  10  rd.  in  diam.  Find  the  area  of  the  land  and  of  the 
water. 

ROD,    SEW    HIGHER   Att.  —  *A\ 
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886.  SUMMARY   OF    CIRCLES. 

1.  The  diameter  of  any  circle 

Multiplied!  ,     /3.1416,  the  product  ^  __  •     ^-^.^./u^^ 
Divided     /        I  .3183,  the  quotient  j  •' 

Multiplied^  ,     J  .8862,  the  product  ^  =  the  side  of  an  equal 
Divided     /    ^  \l.l284,  the  quotient/      square. 
Multiplied  Y  ,     /  .8660,  the  product  |  =  ihe  side  of  an  inscribed 
Divided     J        \  .1547,  the  quotient/      equilateral  triangle. 
Multiplied)  ,      (  .7070,  the  product  |  =  \hQ  side  of  an  inscribed 
Divided     /    ^  \  1.4142,  the  quotient/      square. 

2.  The  radius  of  any  circle 
Multiplied^  ^     (6.28318^       ^,       .         . 
Divided     }  ^y  {  .15915/  =  *^  <^rcamference. 

3.  The  square  of  the  diameter  of  any  circle 
Multiplied)  ,      (  .7854,  the  product  \  _  . , 
Divided     /  ^y  \  1.2732,  the  quotient/  "  ^^^  ""^"^ 

4.  The  circumference  of  any  circle 
Multipned|       I  .3183,  the  product  |  ^  ^^  ^.^^^^ 
Divided      /    ^  \3.1416,  the  quotient/ 

Multiplied)^ ,      (  .2821,  the  product  )  =  the  side  of  an  equal 
Divided     /    ^  13.5450,  the  quotient/      square. 
Multiplied)  ,      /  .2756,  the  product  )^  =  the  side  of  an  inscribed 
Divided     j     ^  13.6276,  the  quotient/      equilateral  triangle. 
Multiplied)^ ,      (  .2251,  the  product  )  =  thQ  side  of  an  inscribed 
Divided     ]  ^  \4.4428,  the  quotient;      square, 

6.   The  square  of  the  circumference  of  any  circle 
Multiplied)^ ,      (     .0795&  the  product  \  ^  xj^^ 
Divided     /  ^  112.5663,    the  quotient/ 

6.   The  area  of  any  circle 

Multiplied|        |1.2732,  the  product  |  ^  the^«o/tt«diam. 
Divided     /    -^  \  .7854,  the  quotient i 

[The  square  of  the  radius  of  any  circle  x  3.1416  \ 
7.  \  Half  the  circumf  eieuce  of  a  circle  x  ^  its  diameter  \  =  area. 

(Square  of  the  circwmieieue^  oi  ^  cvxOi^  v.  m^^^  \ 


area^ 
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Ellipses. 

887.  An  Ellipse  is  a  plane  figure  bounded  by  a  curved  line 
called  the  Periphery^  such  that  the  sum  of  the  distances  of 
each  point  on  the  periphery  from  two  fixed  points  within  the 
Foci  is  the  same. 

An  ellipse  is  the  shadow  of  a  circle. 

888.  A  Diameter  of  an  ellipse  is  a  line  passing  through  its 
center  and  terminated  at  both  ends  by  the  circumference. 


Ellipse. 


889.  The  Major  Axis  is  the  greatest 
diameter  of  an  ellipse  and  the  Minor 
Axis  is  the  least  diameter. 

In  the  illustration,  FF^  are  the  foci, 
and  the  broken  line  FBF  or  FB^BF^ 
represents  the  sum  of  the  distances  of 
B  from  the  two  foci,  which  is  equal  to 
the  length  of  the  major  axis. 

Examples. 

890.  To  find  the  area  of  an  ellipse. 

1.  What  is  the  area  of  an  ellipse  whose  major  axis  is  4  in. 
and  the  minor  axis  2  in.? 

Solution. —  4  x  2  x  .7864  =  6.2832  sq.  in.  Ans, 

Rule.  —  Multiply  the  product  of  the  two  axes  by  .7854. 

2.  rind  the  area  of  an  ellipse  6  in.  x  15  in. 

3.  Find  the  area  of  an  ellipse  3  in.  x  24  in. ;  8  ft.  x  17  ft 

891.  To  find  the  minor  axis. 

1.   What  is  the  minor  axis  of  an  ellipse,  whose  major  axis 
is  200  ft.  and  the  distance  between  the 
foci  160  ft.  ? 

Solution.  —  A  line  drawn  from  either  focus  to 

the  extremity  of  the  minor  axis  will  be  ^  the 

major  axis,  and  will  form  the  hypotenuse  of  a 

right-angled  triangle.    Hence,  B  =  VlOO-^  -  80^ =60 

and  the  minor  axis  is  2  x  60  =  V20  It.  Ans. 
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Rule.  —  Find  tJie  difference  between  ^  the  major  axis,  squared, 
and  -J-  tJie  distance  between  the  foci,  squared;  extract  the  square 
root  and  multiply  the  result  by  2. 

2.  What  is  the  minor  axis  of  an  ellipse,  whose  major  axis 
is  30  ft.  and  the  distance  between  the  foci  10  ft  ? 

3.  A  rope  25  ft.  long  is  passed  through  a  ring  to  which  a 
goat  is  tied,  and  the  ends  of  the  rope  are  fastened  to  two 
stakes  20  ft  apart,  which  are  relatively  north  and  south.  How 
far  east  and  west  can  the  goat  move,  and  over  what  part  of  a 
lawn  whose  dimensions  are  75  ft  by  78.54  ft  ? 

892.  To  find  the  major  axis. 

1.  What  is  the  major  axis  of  an  ellipse,  whose  minor  axis 
is  120  ft  and  the  distance  between  the  foci  160  ft  ? 

Solution.  —  Referring  to  the  diagram  in  §  891,  we  have  R  =  120  -r-  2  = 
60  ft.  and  C^  =  160  -j-  2  =  80  ft.  Hence,  the  hypotenuse  =  \/flO«  +  80*  = 
100  ft.  This  hypotenuse  represents  ^  the  major  axis,  and  2  x  100  ft. =200 
ft.  Ans, 

Rule.  —  Find  the  sum  of  \  the  minor  axis,  squared,  and  ^  the 
distance  between  the  foci,  squared;  extract  the  square  root  and 
multiply  the  result  by  2. 

2.  What  is  the  major  axis  of  an  ellipse,  whose  minor  axis 
is  30  ft.  and  the  distance  between  the  foci  60  ft  ? 

3.  If  the  minor  axis  of  an  ellipse  is  15  ft.  and  the  distance 
between  the  foci  is  20  ft,  what  is  the  area  of  the  ellipse? 

893.  To  find  the  difference  between  the  foci. 

1.  If  the  major  axis  of  an  ellipse  is  200  ft  and  the  minor 
axis  120  ft.,  what  is  the  distance  between  the  foci? 

Solution.  —  Referring  to  the  diagram,  R  =  60  (t.,  and  the  hypotenuse 
being  half  the  major  axis  =  100  ft. ;  we  wish  to  find  twice  the  other 
side,  CF.  Hence  v^IOO^  -  60'^  x  2  =  160  ft.,  the  distance  between  the 
foci  Ans, 

KuLE.  —  Find  the  difference  between  \  the  major  axis,  squared, 
and  ^  the  minor  axis,  sqtiared ;  extToct  (?ie  sqiia)'^  root  and  mul- 
tiply  the  result  by  2. 
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2.  How  far  apart  are  the  foci  of  an  ellipse  whose  major  axis 
is  25  ft.  long  and  the  minor  axis  15  ft.  ? 

3.  If  the  area  of  an  ellipse  is  294.525  sq.  ft.  and  the  major 
axis  is  25  ft.,  what  is  the  minor  axis  ?  What  is  the  distance 
between  the  foci  ? 

4.  An  ellipse  whose  minor  axis  is  30  in.  has  an  area  of 
942.48  sq.  in.     How  far  apart  are  the  foci  ? 

Similar  Plane  Figures. 

894.  Similar  Plane  Figures  are  snch  as  have  the  same  form; 
or  have  angles  equal  each  to  each,  the  same  number  of  sides, 
and  the  sides  containing  the  equal  angles  proportional. 

All  circles,  squares,  equiangular  triangles,  and  regular  polygons  of  the 
same  number  of  sides  are  similar  tigures. 

The  like  dimensions  of  circles,  that  is,  their  radii,  diameters,  and  cir- 
cumferences, are  proportional. 

Principles.  —  I.  The  like  dimensions  of  similar  plane  figures 
are  propoHional, 

II.  Hie  areas  of  similar  plane  figures  are  to  each  oilier  as  the 
squares  of  their  like  dimensions, 

III.  TJie  like  dimensions  of  similar  plane  figures  are  to  each 
other  as  the  square  root  of  their  areas. 

The  same  principles  apply  also  to  the  surfaces  of  all  similar  figures, 
such  as  triangles,  rectangles,  solids,  cubes,  pyramids,  etc. ;  and  to  similar 
curved  surfaces^  as  of  cylinders,  cones,  and  spheres.    Hence, 

IV.  The  surfaces  of  all  similar  figures  are  to  each  other  as  the 
squares  of  tlieir  like  dimensions, 

V.  Tlieir  dimensions  are  as  tlie  square  roots  of  their  surfaces, 

Examples. 

895.  1.  A  triangular  field  whose  base  is  12  ch.  contains 
2  A.  80  sq.  rd.  Find  the  area  of  a  field  of  similar  form  whose 
base  is  48  ch. 

OPEHATIOy. 

12*:  48«: :  2  A.  80  sq.  rd. :  a;=  6400  sq.  rd. 
=  40  A.,  area  (§  894,  II).  Ans. 
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2.  The  side  of  a  square  field  containing  18  A.  is  60  rd.  long. 
Find  the  side  of  a  similar  field  that  contains  ^  as  many  acres. 

OPERATION. 

18  A. :  6  A. : :  60* :  oj*  =  1200  sq.  rd. 

V1200  =  34.64  rd.  +,  side  Ans.  (§  894,  III). 

3.  Two  circles  are  to  each  other  as  9  to  16.  The  diameter  of 
the  less  being  112  feet,  what  is  the  diameter  of  the  greater  ? 

OPERATION. 

9:16::1122:ic*=3:4::112:a? 

=  149  ft.  4  in.,  diameter  Ans.  (§  894,  II). 

4.  A  peach  orchard  contains  720  sq.  rd.,  and  its  length  is  to 
its  breadth  as  5  to  4.     What  are  its  dimensions  ? 

OPERATION. 

The  area  of  a  rectangle  5  by  4  equals  20. 

20:720:;5^a^=900;  V900  =  30  rd.,  length | 

20:720::4«:ic*  =  576;  V576  =  24  rd.,  width  J^'^* 

6.  It  is  required  to  lay  out  283  A.  107  sq.  rd.  of  land  in  the 
form  of  a  rectangle,  so  that  the  length  shall  be  3  times  the 
width.     Find  the  dimensions. 

6.  A  pipe  1.5  in.  in  diameter  fills  a  cistern  in  6  hr.  Find 
the  diameter  of  a  pipe  that  will  fill  the  same  cistern  in  55  min. 
6  sec. 

7.  The  area  of  a  triangle  is  24276  sq.  ft,  and  its  sides  are 
in  proportion  to  the  numbers  13,  14,  and  15.  Find  the  length 
of  its  sides  in  feet. 

8.  A  field  containing  6  A.  is  laid  down  on  a  plan  to  a  scale 
of  1  in.  to  20  ft.     How  much  paper  will  it  cover  ? 

9.  If  it  costs  $  167.70  to  inclose  a  circular  pond  containing 
17  A.  110  sq.  rd.,  find  the  cost  to  inclose  another  ^  as  large  ? 

10.  If  a  cistern  6  ft.  in  diameter  holds  80  bbl.  of  water, 
what  is  the  diameter  of  a  cistern  of  the  same  depth  that  holds 
1200  bbl.  ? 

11.  It  63.39  rd.  of  ience  mW  mft\o%»^  ^  dx«vdax  field  contain- 
ing  2  k.j  what  length  nvVW  mdos^  %  K.  *m  ^\^^\^^  \ssTOi.*> 
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Examples  on  Plane  Figures. 

896.  1.  The  area  of  a  triangle  is  270  yd.,  and  the  perpen- 
dicular 45  ft.     Find  the  base. 

2.  Find  the  area  of  a  square  whose  perimeter  is  the  same 
as  that  of  a  rectangle  48  ft.  by  28  ft. 

3.  A  rectangle  whose  length  is  3  times  its  width  contains 
1323  sq.  rd.     Find  its  dimensions. 

4.  Find  the  area  of  an  equilateral  triangle  whose  sides  are 
36  ft. 

6.  The  area  of  a  circle  is  7569  sq.  ft.  Find  the  length  of 
the  side  of  a  square  of  equal  area. 

6.  How  much  less  will  the  fencing  of  20  A.  cost  in  the 
square  form  than  in  the  form  of  a  rectangle  whose  breadth  is 
^  the  length,  the  price  being  $  2.40  per  rod  ? 

7.  A  house  that  is  50  ft.  long  and  40  ft.  wide  has  a  square 
or  pyramidal  roof,  whose  height  is  15  ft.  Find  the  length  of  a 
rafter  reaching  from  a  corner  of  the  building  to  the  vertex  of 
the  roof, 

8.  Find  the  length  of  a  rafter  reaching  from  the  middle  of 
one  side. 

9.  Wishing  to  know  the  height  of  a  certain  steeple,  I 
measured  the  shadow  of  the  same  on  a  horizontal  plane,  27^  ft. ; 
I  then  erected  a  10-ft.  pole  on  the  same  plane,  and  it  cast  a 
shadow  of  2|  ft.     What  was  the  height  of  the  steeple  ? 

10.  If  the  ridge  of  a  building  is  8  ft.  above  the  beams,  and 
the  building  is  32  ft.  wide,  what  must  be  the  length  of  the 
rafters  ? 

11.  The  diameter  of  a  ball  weighing  32  lb.  is  6  in.  What 
is  the  diameter  of  a  ball  weighing  4  lb.  ? 

12.  A  general  formed  his  men  into  a  square,  that  is,  an 
equal  number  in  rank  and  file,  and  found  that  he  had  59  men 
over;  and  increasing  the  number  in  both  rank  and  file  by  1 
man^  he  needed  84  more  men  to  comijlet/e  tV\e  ^a^iaie.    How 

many  men  had  he  ? 
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13.  The  shadow  of  a  tree  measures  42  ft. ;  a  staff  40  in.  in 
length  casts  a  shadow  18  in.  at  the  same  time.  What  is  the 
height  of  the  tree  ? 

14.  What  is  the  diameter  of  a  circular  island  containing  1^ 
sq.  miles  ? 

16.  How  many  rods  more  of  fencing  are  required  to  inclose 
a  square  field  whose  area  is  5  acres,  than  to  inclose  a  circular 
field  having  the  same  area  ? 

16.  What  is  the  value  of  a  farm,  at  $  75  an  acre,  its  form 
being  a  quadrilateral,  with  two  of  its  opposite  sides  parallel, 
one  40  chains  and  the  other  22  chains  long,  and  the  perpen- 
dicular distance  between  them  25  chains  ? 

17.  A  wheel  is  3  feet  in  diameter.  .  How  many  times  will 
it  revolve  in  going  a  mile  ? 

18.  Find  the  cost,  at  18  cents  a  square  foot,  of  paving  a 
space  in  the  form  of  a  rhombus,  the  sides  of  which  are  15  ft, 
if  a  perpendicular  drawn  from  one  oblique  angle  will  meet  the 
opposite  side  9  ft.  from  the  adjacent  angle. 

19.  How  much  larger  is  a  square  which  circumscribes  a 
circle  40  rd.  in  diameter,  than  a  square  inscribed  in  the  same 
circle  ? 

20.  What  is  the  value  of  a  piece  of  land  in  the  form  of  a 
triangle,  whose  sides  are  40,  48,  and  54  rods,  respectively,  at 
the  rate  of  $  125  an  acre  ? 

21.  The  radius  of  a  circle  is  5  feet.  Find  the  diameter  of 
another  circle  containing  4  times  the  area  of  the  first, 

22.  Find  the  difference  in  the  area  of  a  circle  36  feet  in 
diameter,  and  the  inscribed  square. 

23.  Two  steamers  after  meeting  on  the  ocean  part,  one  sail- 
ing north  at  the  rate  of  15  miles  an  hour  and  the  other  west  at 
the  rate  of  20  miles  an  hour.  How  far  apart  will  they  be  in  2 
hours  ? 

24.  If  a  pipe  3  inches  in  diameter  discharges  12  hogsheads 
of  water  in  a  certain  time,  ^Vi'a.X.  TSixx&\»  \sfc  "Odl^  ^«5ssfe\s«  of  a 

pipe  which  will  discliarge  4^\vo^\ve^^'&'v^^^^»^^'«safc'^^ 


PRISMS  AND  CYLINDERS. 


489 


SOLIDS. 

897.  A  Solid  or  Body  has  three  dimensions — length,  breadth, 

and  thickness. 

The  planes  which  bound  it  are  called  its  factSj  and  their  intersections, 
its  edgts. 

898.  The  Comrez  Surface  of  a  solid  is  its  surface  exclusive  of 
its  ends  or  bases;  the  Entire  Surface  is  the  convex  surface  plus 
the  surface  of  the  bases. 

899.  The  Volume  of  a  solid  is  its  solid  contents  in  cubic  units. 

Prisms  and  Cylinders. 

900.  A  Prism  is  a  solid  whose  ends  are  equal  and  parallel 

polygons,  and  its  sides  parallelograms. 

Prisms  take  their  names  from  the  forms  of  their  bases,  as  triangular^ 
qu<xdranguJa)\  peiUaijonaU  etc. 

901.  The  Altitude  of  a  prism  is  the 
perpendicular  distance  between  its 
bases. 

902.  A  Parallelopipedon  is  a  prism 
bounded  by  six  parallelograins,  the 
opposite  ones  being  parallel  and  equal. 

903.  A  Cube  is  a  paraJlelopipedon 
whose  faces  are  all  equal  squares. 

904.  A  Cylinder  is  a  body  bounded  by  a  uniformly  curved 
surface,  its  ends  being  equal  and  parallel  circles. 

1.  A  cylinder  is  conceived  to  be  generated  by  the  revolution  of  a  rec- 
tangle about  one  of  its  sides  as  an  axis. 

2.  1'he  line  joining  the  centers  of  the  bases,  or  ends,  of  the  cylinder 
is  its  aliunde,  or  oxi's. 


Parallelopipedon. 


Cube. 


Triangular 
ErlsaiL 


Quadrangular 
Frism. 


C^^sAsst, 
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Bzamplea. 

905.  To  find  the  coovez  surface  of  «  prism  or  cylinder. 

1.  Find  the  area  of  the  convex  sur- 
face of  a  prism  whose  altitude  is  7 
ft.  and  its  base  a  pentagon,  each  side 
of  which  is  4  ft. 


4  ft.  X  5  =  20  ft,  perimeter, 
20  X  7  =  140  sq.  ft.,  convex  surface 
Alts. 
2.   Find  the  area  of  the  convex  sur- 
face of  a  triangular  prism,  whose  alti- 
tude is  8^  feet,  and  the  sides  of  its 
base  4,  5,  and  C  feet  respectively. 


4  ft.  -f  5  ft  +  6  ft  =  15  ft,  perimeter. 

15  X  8i  =  127J  sq.  ft,  convex  surface  Ans. 
3.   Find  the  area  of  the  convex  surface  of  a  cylinder  whose 
altitude  is  2  ft  5  in.  and  the  circum- 
ference of  its  base  4  ft  9  in. 


=  67  in. 


2  ft  5  in.  =  29  in;  4ft  9  ii 

57  X  29  =  1653  sq.  in. 

=11  sq.  ft.  69  sq.  in.  convex  surface  Ann. 

KoLB.  —  I.  To  find  the  convex  surface. — MvUipty  the perinir 
eter  of  Ike  base  by  the  altitude. 

II.  To  find  the  entire  surface.  —  Add  tlte  area  of  lite  baseaor 

4.  If  a  gate  8  ft  high  and  6  ft.  wide  revolves  upon  a  point 
in  its  center,  what  is  the  entire  surface  of  the  cylinder  described 
by  it? 

6.  Find  the  superficial  contents,  or  entire  surface,  of  a 
parallelopipedon  S  it.9'm.\Qii5,  \l\„?.'m.-«\4ft,ajad3  ft  3  in. 
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6.  What  is  the  entire  surface  of  a  cylinder  formed  by  the 
revolution  about  one  of  its  sides  of  a  rectangle  that  is  6  ft. 
6  in.  long  and  4  ft.  wide  ? 

7.  Find  the  entire  surface  of  a  prism  whose  base  is  an 
equilateral  triangle,  the  perimeter  being  18  ft.,  and  the  altitude 
of  the  prism  15  ft. 

906.  To  find  the  Tolume  of  any  prism  or  cylinder. 

1.  Find  the  volume  of  a  triangular  prism,  whose  altitude  is 
20  ft.,  and  each  side  of  the  base  4  ft. 

OFERA.TIOX. 

The  area  of  the  base  is  6.928  sq.  ft.    (§  861.) 
6.928  X  20  =  138.56  cu.  ft.,  volume  Ans, 

2.  Find  the  volume  of  a  cylinder  whose  altitude  is  8  ft.  6  in., 
and  the  diameter  of  its  base  3  ft. 

OPERATION. 

3*  X  .7854  =  7.0686  sq.  ft,  area  of  base.    (§  882.) 
7.0686  X  8.5  =  60.083  cu.  ft.,  volume  Ans. 

Rule.  —  Multiply  tJie  area  of  tlie  base  by  the  altitude, 

3.  What  is  the  volume  of  a  parallelopipedon,  whose  base  is 
9.8  ft.  by  7.5  ft.,  and  its  height  5  ft.  3  in.  ? 

4.  What  is  the  volume  of  a  log  18  ft  long  and  1^  ft.  in 
diameter  ? 

5.  What  is  the  height  of  a  block  of  wood  16*^  long  and 
6.5""  wide  which  contains  1154.4*^*»''"  ? 

6.  Find  the  solid  contents  of  a  cube  whose  edges  are 
6  ft  6  in. 

7.  Find  the  cost  of  a  piece  of  timber  18  in.  square  and  40  ft. 
long  at  $  .30  a  cubic  foot. 

8.  What  are  the  solid  contents  of  a  cylinder  whose  altitude 
is  15  ft.  and  its  radius  1  ft.  3  in.  ? 

907.  To  find  the  three  dimensions  of  a  rectangular  solid,  the 
volume  and  the  ratio  of  the  dimensions  being  given. 

1.    What  are  the  dimensions  of  a  rectangular  solid,  whose 
volume  is  4480  cu.  ft.,  if  its  dimeuaiotia  axe  t»  eafik  otha^  ^& 
4  ^  and  7  ? 
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OPBKATIOir. 

^  4480 -8- (2  x5x  7)  =4  ft.;  4  x  2  =  8  ft,  height;  4x5  = 
20  ft,  width ;  4  X  7  =  28  ft,  length. 

RuLK.  —  I.  Divide  the  volume  by  the  product  of  the  terms  pro- 
portional to  the  three  dimensions^  and  extract  the  cube  root  of  the 
quotient. 

II.  Multiply  the  root  thus  obtained  by  each  proportional  term; 
the  products  wHl  6e  the  corresponding  sides. 

2.  ^^llat  are  the  dimensions  of  a  rectangular  box  whose 
volume  is  oOOO  cu.  ft,  if  its  dimensions  are  to  each  other  as 
2,  3,  and  4  ? 

3.  A  pile  of  bricks  in  the  form  of  a  parallelopipedon  contains 
30720  eu.  ft,  and  the  length,  breadth,  and  height  are  to  each 
other  as  3,  4,  and  5.    ^Vhat  are  the  dimensions  of  the  pile  ? 

4.  Separate  405  into  three  factors,  which  shall  be  to  each 
other  as  2,  2^,  and  3. 

Ptrauids  and  Cokes. 

908.  A  Pyramid  is  a  body,  having  for  its  base  a  polygon, 
and  for  its  other  faces  three  or  more  triangles,  which  terminate 
in  a  common  point  called  the  vertex. 

Pjrramids,  like  prisms,  take  their  names  from  their  bases,  and  are 
called  triangular,  square,  or  quadrangular,  petUagonat,  etc 


Pyramid. 


FruBtnm . 


Cone. 


Fru»tum. 


909.   A  Cone  is  a  body  having  a  circular  base,  and  whose 
convex  surface  tapers  uniformly  to  the  vertex, 

A  cone  (s  a  body  conceived  to  be  formed  by  the  revolution  of  a  right- 
angled  triangle  about  oue  of  its  sides  containing  the  right  angle. 
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910.  The  Altitude  of  a  pyramid  or  of  a  cone  is  the  perpen- 
diciilar  distance  from  its  vertex  to  the  plane  of  its  base. 

911.  The  Slant  Height  of  a  pyramid  is  the  perpendicular 
distance  from  its  vertex  to  one  of  the  sides  of  the  base;  of 
a  cane,  is  a  straight  line  from  the  vertex  to  the  circumference 
of  the  base. 

912.  The  Fmatam  of  a  pyramid  or  cone  is  that  part  which 
remains  after  cutting  off  the  top  by  a  plane  parallel  to  the  base. 

Examples. 

913.  To  find  the  convex  aurface  of  a  pyramid  or  cone. 

1.  Find  the  convex  surface  of  a  triangular  pyramid,  the 
slant  height  being  16  ft.,  and  each  side  of  the  base  5  ft. 

OPERATION. 


(5  -f  5  -f  5)  X  10  -f-  2  =  120  sq.  ft.,  convex  surface  Ans, 

2.  Find  the  convex  surface  of  a  cone  whose  diameter  is  17 
ft.  6  in.,  and  the  slant  height  30  ft. 

OPERATION. 

17.5  X  3.1416  =  54.978  ft.,  circum. ;  54.978  x  30^2 

=  824.67  sq.  ft.,  convex  surface  Ajis, 

Rule.  —  I.  To  find  the  convex  surface.  —  Mnltiply  the  perimr 
eter  or  circtnnference  of  the  base  by  one  half  the  slant  height. 

II.  To  find  the  entire  surface.  —  Add  to  this  product  the 
area  of  the  base. 

3.  Find  the  entire  surface  of  a  pyramid  whose  base  is  8  ft. 
6  in.  square,  and  its  slant  height  21  ft. 

4.  Find  the  entire  surface  of  a  cone  the  diameter  of  whose 
base  is  6  ft.  9  in.,  and  the  slant  lieight  45  ft 

5.  Find  the  cost  of  painting  a  church  spire,  at  $.25  a 
square  yard,  whose  base  is  a  hexagon  5  ft.  on  each  side,  and 
the  slant  height  60  ft. 

914.   To  find  the  volume  of  a  pyramid  or  of  a  cone. 
1.   What  is  the  volume,  or  solid  contents,  of  a  square  py ra- 
mi J  whose  base  is  6  ft.  on  eajcVi  a\Ae,  ?LTi^'\\,^  ^^ix\:^\^^!l  ^^A 
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OPERATION. 


6xOxl2-*-3  =  144  cu.  ft.,  volume  Ans. 

2.   Find  the  volume  of  a  cone,  the  diameter  of  whose  base  is 
5  ft,  and  its  altitude  10^  ft. 

OPERATIOW. 


(5*  X  .7854)  X  10^  -!-  3  =  68.72 J  cu.  ft.,  volume  Ans. 

Rule.  —  Multiply  the  area  of  the  base  by  one  third  tJie  altitude. 

3.  Find  the  solid  contents  of  a  cone  whose  altitude  is  24  ft, 
and  the  diameter  of  its  base  30  in. 

4.  "What  is  the  cost  of  a  triangular  pyramid  of  marble 
whose  altitude  is  9  ft.,  each  side  of  the  base  being  3  ft,  at  $  2^ 
per  cu.  ft.  ? 

6.  Find  the  volume  and  the  entire  surface  of  a  pyramid  if 
its  base  is  a  rectangle  80  ft  by  60  ft,  and  the  edges  which 
meet  at  the  vertex  are  130  ft 

915.  To  find  the  CDnvez  surface  of  a  frustum  of  a  pyramid  or 
cone. 

1.  What  is  the  convex  surface  of  a  frustum  of  a  square 
pyramid  whose  slant  height  is  7  ft.,  each  side  of  the  greater 
base  4  ft,  and  of  the  less  base  18  in.  ? 

OPERATION. 

The  perimeter  of  the  greater  base  is  16  ft.,  of  the  less  6  ft 
16  -f-  6  X  7  -5-  2  =  77  sq.  ft,  convex  surface  Ans. 

Rule.  —  I.  To  find  the  convex  surface.  — MidtipHy  the  sum  of 
the  perimeter Sy  or  circumferences,  by  one  half  the  dant  heiglit, 

II.  To  find  the  entire  surface.  —  Add  to  this  product  the  areas 
of  both  ends,  or  bases. 

2.  Find  the  convex  surface  of  a  frustum  of  a  cone  whose 
slant  height  is  15  ft.,  the  circumference  of  the  lower  base  30  ft., 
and  of  the  upper  base  16  ft. 

3.  How  many  square  yards  are  there  in  the  convex  surface 
of  a  frustum  of  a  pyramid,  whose  bases  are  heptagons,  each  side 
of  the  lower  base  being  ^  i\..,  «iSi^  ol  \X:vfe  w^^t  base  4  ft,  and 

the  slant  height  55  ft.  ? 
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916.  To  find  the  volume  of  a  frostam  of  a  pyramid  or  cone. 

1.  Find  the  volume  of  a  f mstum  of  a  square  pyramid  whose 
altitude  is  10  ft,  each  side  of  the  lower  base  12  ft.,  and  of  the 
upper  base  9  ft 

OPERATION. 

12«  4-  9»  =  225 ;  (225  -f  V144  x  81)  x  10T3  =  1110  cu.  ft 

BuLE.  —  To  the  sum  of  the  areas  of  both  bases  add  the  square 
root  of  the  product,  and  imdtiply  this  sum  by  one  third  of  the 
altitude, 

2.  How  many  cubic  feet  are  there  in  the  frustum  of  a  cone 
whose  altitude  is  6  ft  and  the  diameters  of  its  bases  4  ft 
and  3  ft  ? 

3.  How  many  cubic  feet  are  there  in  a  piece  of  timber  30  ft 
long,  the  greater  end  being  15  in.  square,  and  the  less  12  in. 
square  ? 

Spheres. 

917.  A  Sphere  is  a  solid  bounded  by  a  uniformly  curved 
surface,  all  the  points  of  which  are  equally  distant  from  a 
point  within  called  the  center, 

918.  A  Great  Circle  is  any  circle  on  a  sphere  whose  plane 
passes  through  the  center  of  the  sphere. 

NoTS.  —  The  circuinferenco  of  a  sphere  is  any  great  circle. 

919.  The  Diameter  of  a  sphere  is  a  straight 
line  passing  through  the  center  of  the  sphere, 
and  terminated  at  both  ends  by  its  surface. 

920.  The  Radius  of  a  sphere  is  a  straight  line  drawn  from 
the  center  to  any  point  in  the  surface. 

Examples. 

921.  To  find  the  surface  of  a  sphere. 

1.   Find  the  surface  of  a  sphere  whose  diameter  is  9  in. 

OPERATION. 

9  in.  X  3.1416  =  28.2744  in.,  circumference. 
28.2744  X  9  =  254.46%  ac^.  m.,  ?»>ytl^^  Au*. 
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KuLK.  —  Multiply  the  diameter  by  the  circumference  of  a  great 
circle  of  the  s^ihere. 

2.  What  is  the  surface  of  a  globe  16  in.  in  diameter  ? 

3.  Find  the  surface  of  a  sphere  whose  circiunference  is 
31.416  feet 

4.  Find  the  surface  of  a  globe  whose  radius  is  1  foot. 

922.  To  find  the  volame  of  a  sphere. 

1 .   Find  the  volume  of  a  sphere  whose  diameter  is  18  in. 


OPERATION. 


18  in.  X  3.1416  =  56.5488  in.,  circumference. 
56.5488  X  18  =  1017.8784  sq.  in.,  surface. 
1017.8784  X  18  -5-  6  =  3053.6352  cu.  in.,  volume  Ans. 

Rule.  —  Multiply  the  surface  by  ^  of  the  diameter,  or  by  ^  of 
the  radius. 

2.  Find  the  volume  of  a  globe  whose  diameter  is  30  in. 

3.  Find  the  solid  contents  of  a  globe  whose  radius  is  5  yd. 

4.  Find  the  volume  of  a  globe  whose  circum.  is  31.416  ft. 


923. 


1.   The  Surface 


2.   The  Volume 


3.   The  Diameter 


4.   The  Circumference 


6.   The  Radius 


SUMMARY   OF   SPHERES. 

fCii-cumference  x  its  diam. 

Radius'  x  12.5664 

Diameter'  x  3.1416. 

Circumference'  x  .3183. 

Surface  x  |^  its  diameter. 

Radius'  x  4.1888. 

Diameter*  x  .5236. 
.Circumference'  x  .0169. 

^rVOf  surface  X    .5642. 
l^Of  volume  x  1.2407. 

^rVOf  surface  x  1.77255. 
I  </0f  volume  x  3.8978. 

_  /  VOf  surface  x  .2821. 


\  ^Of  volume  x  .6204. 

^    rvu    cr.3     r      '        'I.  J     X       fRadius  X  1.1547. 
6.   The  Side  of  an  inscribed  cube=)  _^.       ^  e-— j 

*^  I  Diameter  x  .5^  i4. 
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Similar  Solids. 

924.  Similar  Solids  are  such  as  have  the  same  formj  and 
differ  from  each  other  only  in  volume. 

Principles.  —  I.  Tlie  volumes  of  similar  solids  cure  to  each 
other  as  the  cubes  of  their  like  dimensions. 

II.  The  like  dimensions  of  similar  solids  are  to  each  oUier  as 
Hie  cube  roots  of  Uieir  volum.es. 

Examples. 

1.  If  the  volume  of  a  ball  3  in.  in  diameter  is  27  cu.  in., 
what  is  the  volume  of  a  ball  7  in.  in  diameter? 

OPKRATION. 

3s .  73 . .  27  cu.  in. :  x  =  343  cu.  in.,  volume  Ans. 

2.  If  the  diameter  of  a  ball  whose  volume  is  27  cu.  in.  is  3 
in.,  what  is  the  diameter  of  a  ball  whose  volume  is  343  cu.  in.  ? 

OPERATION. 


27:343;  :3'':aj»  =  343;  V343  =  7  in.,  diameter  Aiis. 

Examples  on  Solids. 

925.  1.  What  is  the  edge  of  a  cube  whose  entire  surface  is 
1050  sq.  ft,  and  what  is  its  volume  ? 

2.  What  must  be  the  inner  edge  of  a  cubical  bin  to  hold 
1250  bushels  of  wheat  ? 

3.  How  many  globes  4  in.  in  diameter  are  equal  to  one 
whose  diameter  is  12  in.? 

4.  How  many  gallons  will  a  cistern  hold,  whose  depth  is 
7  ft,  the  bottom  being  a  circle  7  ft  in  diameter  and  the  top 
5  ft.  in  diameter  ? 

6.  What  is  the  value  of  a  stick  of  timber  24  ft.  long,  the 
larger  end  being  15  in.  square,  and  the  less  6  in.,  at  28  cents  a 
cubic  foot  ? 

6.  If  a  cubic  foot  of  iron  were  formed  into  a  bar  \  an  inch 
square,  without  waste,  what  would  be  its  length  ? 

7-  How  many  barrels  of  Z\\  gal.  nstvU  ^  ^^atero. VjkaVL  ^Ssa**  \a. 
8.3  ft  in  diameter,  and  7  ft.  deep? 

ROB.  ITBW  HIGHER  A&.  — B>^ 
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8.  If  a  log  18  ft  long  and  3  ft.  in  diameter  is  hewn  square, 
how  many  cubic  feet  does  it  contain  ? 

9.  Find  the  volume  of  a  cube,  the  area  of  whose  entire  sur- 
face is  7  sq.  ft.  6  sq.  in. 

10.  If  a  marble  column  10  in.  in  diameter  contains  27  cu.  ft., 
what  is  the  diameter  of  a  column  of  equal  length  that  contains 
81  cu.  ft.  ? 

11.  Supx)osing  the  earth  to  be  a  perfect  sphere  7912  miles  in 
diameter,  what  is  its  volume  in  cubic  miles  ? 

12.  How  many  board  feet  are  there  in  a  i)ost  11  ft.  long, 
9  in.  square  at  the  bottom,  and  4  in.  square  at  the  top  ? 

13.  The  surface  of  a  sphere  is  the  same  as  that  of  a  cube, 
the  edge  of  which  is  12  in.     Find  the  volume  of  each. 

14.  The  contents  of  a  cubical  block  of  marble  are  4913  cu.  ft 
Find  the  superficial  contents  or  surface. 

15.  Find  the  dimensions  of  a  bin  that  holds  450  bu.  of 
giain,  if  the  width  and  depth  are  equal,  and  the  length  3  times 
the  width. 

16.  A  ball  4.5  in.  in  diameter  weighs  18  oz.  avoir.  What 
is  the  weight  of  a  ball  of  the  same  density  that  is  9  in.  in 
diameter  ? 

17.  In  what  time  will  a  pipe  supplying  6  gal.  of  water  a 
minute  fill  a  tank  in  the  form  of  a  hemisphere  that  is  10  ft.  in 
diameter  ? 

18.  If  the  altitude  of  a  cone  that  weighs  640  lb.  is  8  ft, 
what  is  the  altitude  of  a  similar  cone  that  weighs  270  lb.  ? 

19.  If  a  stack  of  hay  8  ft.  high  weighs  8  cwt,  what  is  the 
weight  of  a  similar  stack  that  is  24  ft  high  ? 

20.  The  diameter  of  a  cistern  is  8  ft.  What  must  be  its 
depth  to  contain  75  hhd.  of  water  ? 

21.  If  a  cable  3  in.  in  circumference  supports  a  weight  of 
2500  lb.,  what  must  be  the  circumference  of  a  cable  that  will 
support  4960  lb.  ? 

22.  How  many  bushels  are  there  in  a  heap  of  grain  in  the 
form  of  a  cone,  whose  base  is  8  ft  in  diameter  and  altitude  4  ft  *^ 


MISCELLANEOUS  EXAMPLES. 


926.  1.  How  many  thousand  shingles  will  cover  both  sides 
of  a  roof  36  ft.  long,  whose  rafters  are  18  ft.  in  length  ? 

2.  From  ^  of  ^  of  ^  of  70  miles,  subtract  .73  of  1  mi.  3  fur. 

3.  What  number  is  that  from  which  if  7\  is  subtracted  J 
of  the  remainder  is  91^  ? 

4.  What  part  of  4  is  ^  of  6  ? 

B.  What  number  increased  by  ^,  ^,  and  \  of  itself  equals 
125? 

6.  What  is  the  hour,  when  the  time  past  noon  is  equal  to 
I  of  the  time  to  midnight? 

7.  If  $240  gains  $5.84  in  4  mo.  26  da.,  what  is  the  rate 
per  cent  ? 

8.  If  24  men  in  189  da.,  working  10  h.  a  day,  dig  a  trench 
33 1  yd.  long,  2 J  yd.  deep,  and  5\  yd.  wide,  how  many  hours  a 
day  must  217  men  work,  to  dig  a  trench  23J  yd.  long,  2^  yd. 
deep,  and  3}  yd.  wide,  in  5\  days  ? 

9.  What  is  the  difference  between  the  interest  and  the  bank 
discount  of  $  450  at  5%,  for  6  yr.  10  mo.  ? 

10.  A  younger  brother  received  $6300,  which  was  ^  as 
much  as  his  elder  brother  received.  How  much  did  both 
receive  ? 

•  •    •  •       •  •  ■ 

11.  Reduce  .7,  .88,  .727,  .91325  to  their  equivalent  common 
fractions. 

12.  A  man  by  selling  a  lot  of  goods  for  $438,  loses  10%. 
How  much  should  the  goods  \vave  \>^«w  ^"cJA  i'ot  \ft  ^w  Y>*\^^. 

4^ 


9330.    What  was  the  capital  of  each 

15.  Henry  Truman  purchased  co^ 
months'  credit,  as  follows:   Aug.  27^ 
31, 160  bu.  @  $  .40;  Sept.  7,  600  bu. 
bu.  @  $  .42 ;  Sept.  25,  260  bu.  @  9  AO, 
due  per  average  ? 

16.  A,  B,  and  G  can  do  a  job  of  worl 
in  24  da.,  and  A  in  34  da.    In  what  tin 

17.  If  a  man  travels  7  mi.  the  iirst  d 
increasing  his  journey  4  mi.  each  day 
he  travel,  and  how  far  ? 

18.  What  is  the  difference  between 
count  of  9  2600,  payable  in  90  days  at 'S 

19.  I  sold  ^  of  a  lot  of  lumber  for  w 
per  cent  did  I  gain  on  the  part  sold? 

20.  If  $  600  gains  9  60  in  1  y r.,  in  wl 
$60? 

21.  A  dealer  received    an  invoice 
which  was  broken.     At  what  per  ceni 
remainder  be  sold  to  clear  26%  on  the  i 

22.  The  sum  of  two  numbers  is  366, 


A/JTK 


TJITV->J. 
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26.  A  boy  14  years  old  is  left  an  annuity  of  9  250,  which  is 
deposited  in  a  savings  bank  at  6  %,  interest  payable  semi- 
annually.    How  much  will  he  be  worth  when  of  age? 

27.  If  a  boy  buys  peaches  at  the  rate  of  5  for  2  cents,  and 
sells  them  at  the  rate  of  4  for  3  cents,  how  many  must  he  buy 
and  sell  to  make  a  profit  of  $4.20? 

28.  A  fox  30  rd.  ahead  of  a  hound  runs  19  ft.  while  the 
hound  runs  20  ft.  How  far  will  the  fox  run  before  he  is  over- 
taken? 

29.  How  long  is  a  rope  from  the  top  of  a  pole  50  ft.  high  to 
the  top  of  another  20  ft.  high,  the  poles  being  16  ft.  apart? 

30.  Three  men  paid  $  100  for  a  pasture ;  A  put  in  9  horses, 
B  12  cows  for  twice  the  time,  and  C  some  sheep  for  2J  times 
as  long  as  B's  cows ;  C  paid  one  half  the  cost.  How  many 
sheep  had  he,  and  how  much  did  A  and  B  each  pay,  if  6  cows 
eat  as  much  as  4  horses,  and  10  sheep  as  much  as  3  cows  ? 

31.  A  fountain  has  4  receiving  pipes.  A,  B,  C,  and  D;  A, 
B,  and  C  will  fill  it  in  6  hours,  B,  C,  and  D  in  8  hours,  C,  D, 
and  A  in  10  hours,  and  D,  A,  and  B  in  12  hours ;  it  has  also  4 
discharging  pipes,  W,  X,  Y,  and  Z ;  W,  X,  and  Y  will  empty  it 
in  6  hours,  X,  Y,  and  Z  in  5  hours,  Y,  Z,  and  W  in  4  hours,  and 
Z,  W,  and  X  in  3  hours.  Suppose  the  pipes  are  all  open  and 
the  fountain  full,  in  what  time  will  it  be  emptied? 

32.  Find  the  cost,  at  18  cents  a  square  foot,  of  paving  a 
space  in  the  form  of  a  rhombus,  if  its  sides  are  15  ft.,  and  a 
perpendicular  drawn  from  one  oblique  angle  will  meet  the 
opposite  side  9  ft.  from  the  adjacent  angle. 

33.  Four  boys  are  playing  at  hare  and  hounds,  the  two  rep- 
resenting hares  being  45  ft.  in  advance  of  the  two  representing 
hounds.  Each  hound's  leap  covers  G\  ft.  of  ground,  and  each 
hare's  leap  4^  ft,  but  the  hares  take  4  leaps  to  the  hounds'  3. 
In  how  many  leaps  will  the  hounds  overtake  the  hares  ? 

34.  Five  men  can  do  a  piece  of  work  in  9  da.  How  soon 
after  beginning  must  they  be  joined  by  two  more  so  as  to  com- 
plete the  work  in  8  da.  ? 
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85.  Four  men  contracted  to  do  a  certain  piece  of  work  for 
$ 8600;  the  first  employed  28  laborers  20  da.,  10  h.  a  day;  the 
second,  25  laborers  15  da.,  12  h.  a  day ;  the  third,  18  laborers 
25  da.,  11  h.  a  day ;  and  the  fourth,  15  laborers  24  da.,  8  h. 
a  day.    How  much  should  each  contractor  receive  ? 

86.  If  I  exchange  75  railroad  bonds  of  9  500  each,  at  64, 
for  bank  stock  at  105,  how  many  shares  of  9 100  each  shall 
I  receive  ? 

37.  A  flour  merchant  bought  120  bbl.  of  flour  for  ^J660, 
paying  95.75  for  first  quality  and  $5  for  second  quality. 
How  many  barrels  were  first  quality  ? 

38.  Two  mechanics  work  together;  for  15  days'  work  of 
the  first  and  8  days'  work  of  the  second  they  receive  $  61,  and 
for  6  days'  work  of  the  first  and  10  days'  work  of  the  second 
they  receive  $  38.     How  much  does  each  man  earn  ? 

39.  A  dairyman  took  some  butter  to  market,  for  which  he 
received  $  49,  receiving  as  many  cents  a  pound  as  there  were 
pounds.     How  many  pounds  were  there  ? 

40.  A  mechanic  received  $  2  a  day  for  his  labor,  and  paid 
$  4  a  week  for  his  board ;  at  the  expiration  of  10  weeks  he 
had  saved  9  72.  How  many  days  did  he  work,  and  how  many 
was  he  idle  ? 

41.  To  what  would  $250,  deposited  in  a  savings  bank, 
amount  in  10  yr.,  interest  being  allowed  semiannually  at  6% 
per  annum  ? 

42.  How  much  water  is  there  in  a  mixture  of  100  gal.  of 
wine  and  water,  worth  91  per  gal.,  if  100  gal.  of  the  wine 
cost  $  120  ? 

43.  If  a  pipe  3  in.  in  diameter  will  discharge  a  certain 
quantity  of  water  in  2  h.,  in  what  time  will  3  two-inch  pipes 
discharge  3  times  the  quantity  ? 

44.  William  Jones  &  Co.  become  insolvent  and  owe  98100. 
Their  assets  amount  to  $4981.50.     What  per  cent  of  their 

indebtedness  can  they  pay,  aX\o^m^t\\ft  assignees  2J%  on  the 
amount  distributed  for  tlieii  s^iV\e,^^'l 
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45.  I  shipped  a  car  load  of  cattle  to  Boston,  and  offered 
them  for  sale  at  25%  advance  on  the  cost;  but  the  market 
being  dull  I  sold  for  14%  less  than  my  asking  price,  and  gained 
thereby  9 170.  How  much  did  the  cattle  cost;  for  how  much 
did  they  sell ;  and  what  was  my  asking  price  ? 

46.  What  must  be  the  dimensions  of  a  cubical  cistern  to 
hold  2000  gallons  ? 

47.  A  vessel  having  sailed  due  south  and  due  east  on  alter- 
nate days,  was  found,  after  a  certain  time,  to  be  118.794  miles 
southeast  of  the  place  of  starting.  What  distance  had  she 
sailed  ? 

48.  If  34J^  bu.  of  corn  are  equal  in  value  to  17  bu.  wheat, 
9  bu.  of  wheat  to  59^  bu.  of  oats,  and  6  bu.  of  oats  to  42  lb. 
of  flour,  how  many  bushels  of  corn  will  purchase  5  bbl.  of 
flour? 

49.  If  stock  bought  at  92  will  pay  7%  on  the  investment, 
at  what  rate  should  it  be  bought  to  pay  10%  ? 

50.  A  merchant  in  New  York  paid  9  2000  for  a  biU  of  ex- 
change of  £  400  to  remit  to  Liverpool-  What  was  the  rate  of 
exchange  ? 

61.  A,  B,  and  C  start  from  the  same  point,  to  travel 
around  a  lake  84  miles  in  circumference.  A  travels  7  miles, 
and  B  21  miles  a  day  in  the  same  direction,  and  C  14  miles 
in  an  opposite  direction.  In  how  many  days  will  they  all 
meet? 

52.  The  exact  solar  year  is  greater  than  365  days  by  about 
l^ljj  of  a  day.  Find  approximately  how  often  leap  year 
should  come,  or  one  day  be  added  to  the  common  year,  in 
order  to  keep  the  calendar  right. 

63.  What  per  cent  shall  I  gain  by  purchasing  goods  on  6 
mo.,  and  selling  them  immediately  for  cash  at  cost,  money 
being  worth  7%  ? 

54.  What  sum  must  a  man  save  annually,  commencing  at  21 
years  of  age,  to  be  worth  $  30000  when  he  is  50  years  old,  his 
savings  being  invested  at  5%  com^oxSksA  vo^'t^^^^^l 
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55.  If  6  apples  and  7  peaches  cost  33  cts.,  and  10  apples 
and  8  peaches  cost  44  cts.,  what  is  the  price  of  one  of  each  ? 

56.  Three  persons  are  to  share  $  10000  in  the  ratio  of  3,  4, 
and  5,  but  the  first  dying,  it  is  required  to  divide  the  whole 
sum  equitably  between  the  other  two.  What  are  the  shares  of 
the  other  two  ? 

57.  If  50  bbl.  of  flour  in  Chicago  are  worth  125  yd-  of  cloth 
in  New  York,  and  80  yd.  of  cloth  in  New  York  are  worth  6 
liales  of  cotton  in  Charleston,  and  13  bales  of  cotton  in  Charles- 
ton are  worth  3J  hhd.  of  sugar  in  New  Orleans,  how  many 
hogsheads  of  sugar  in  New  Orleans  are  worth  1500  bbl.  of 
flour  in  Chicago  ? 

58.  Seven  men  all  start  together  to  travel  the  same  way 
round  an  island  120  mi.  in  circumference,  and  continue  to  travel 
until  they  all  come  together  again.  They  travel  5,  6J,  7J,  8J, 
9^,  10 J,  and  11^  mi.  a  day  respectively.  In  how  many  days 
will  they  all  be  together  again  ? 

59.  If  stock  bought  at  105  will  pay  G%  on  the  investment, 
what  per  cent  will  it  pay  if  bought  at  85  ? 

60.  A  man  in  dividing  his  estate  among  his  sons  gave  A  $  9 
as  often  as  B  $  5,  and  C  $  3  as  often  as  B  9  7.  C's  share  was 
$  3862.50.     What  was  the  value  of  the  whole  estate  ? 

61.  A  drover  sold  some  oxen  at  $  28,  cows  at  $  11  y  and  sheep 
at  97.50  per  head,  and  received  $  749  for  the  lot  There  were 
twice  as  many  cows  as  oxen,  and  three  times  as  many  sheep 
as  cows.     How  many  were  there  of  each  kind  ? 

62.  For  what  sum  must  a  vessel,  valued  at  $25000,  be  in- 
sured, so  that  in  case  of  its  loss,  the  owners  may  recover  both 
the  value  of  the  vessel  and  the  premium  of  24%  ? 

63.  What  will  be  the  difference  in  the  expense  of  fencing 
two  fields  of  25  acres  each,  one  square,  and  the  other  in  the 
form  of  a  rectangle,  whose  length  is  twice  its  breadth,  the  fence 
costing  9 .62  J  a  rod  ? 

64.  At  what  time  between  5  and  6  o'clock  are  the  hour  and 
minute  hands  of  a  watch  e^a^ft-VX^  \ft%^'OftKt*> 
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65.  A  boy  agreed  to  work  for  a  merchant  for  20  weeks,  on 
condition  that  he  should  receive  $  20  and  a  coat.  At  the  end 
of  12  weeks  the  boy  stopped  working,  and  it  was  found  that 
he  was  entitled  to  $  9  and  the  coat  What  was  the  value  of  the 
coat? 

66.  An  irregular  piece  of  land,  containing  540  A.  36  sq.  rd., 
is  exchanged  for  a  square  piece  containing  the  same  area.  What 
is  the  length  of  one  of  its  sides  ?  If  divided  into  42  equal 
squares,  what  will  be  the  length  of  the  side  of  each  ? 

67.  A  general,  forming  his  army  into  a  square,  had  284  men 
remaining ;  but  increasing  each  side  by  one  man,  he  wanted  25 
men  to  complete  the  square.     How  many  men  had  he  ? 

68.  Divide  $  3648  among  3  persons,  so  that  the  share  of  the 
first  to  that  of  the  second  shall  be  as  7  to  9,  and  of  the  Erst  to 
the  third  as  3  to  4. 

69.  If  a  lot  of  land,  in  the  form  of  an  oblong  or  rectangle, 
contains  6  A.  132  sq.  rd.,  and  its  length  is  to  its  width  as  21  to 
13,  what  are  its  dimensions ;  and  how  many  rods  of  fence  will 
be  required  to  inclose  it  ? 

70.  Five  persons  are  employed  to  build  a  house.  A,  B,  C, 
and  D  can  build  it  in  13  days ;  A,  B,  C,  and  E  in  15  days ;  A, 
B,  D,  and  E  in  12  days;  A,  C,  D,  and  E  in  19  days;  and  B,  C, 
D,  and  E  in  14  days.  In  how  many  days  can  all  together  build 
it;  and  which  one  could  do  the  work  alone  in  the  shortest 
time? 

71.  Divide  $500  among  3  men,  in  such  a  manner  that  the 
share  of  the  second  may  be  \-  greater  than  that  of  the  first,  and 
the  share  of  the  third  \  greater  than  that  of  the  second. 

72.  A  and  B  engage  in  trade;  A  puts  in  $5000,  and  at  the 
end  of  4  mo.  takes  out  a  certain  sum.  B  puts  in  $  2500,  and 
at  the  end  of  5  mo.  puts  in  $  3000  more.  At  the  end  of  the 
year  A's  gain  is  9 1066 1,  and  B's  is  $  1333  J.  What  sum  did 
A  take  out  at  the  end  of  4  mo.  ? 

73.  What  sum  of  money,  with  its  semiannual  dividends  of 
5%  invested  with  it,  will  amount  to  ^VII^  \a.*I^^.*l 
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74.  If  a  piece  of  silk  cost  $  .80  per  yard,  at  what  price  shall 
it  be  marked,  that  the  merchant  may  sell  it  at  10%  less  than 
the  marked  price,  and  still  make  20%  profit  ? 

75.  A  merchant  bought  20  pieces  of  cloth^  each  piece  con- 
taining 25  yd.  at  $  4|  per  yard  on  a  credit  of  9  mo. ;  he  sold 
the  goods  at  9  ^1  p^r  yard  on  a  credit  of  4  mo.  What  was  his 
net  cash  gain,  money  being  worth  6%  ? 

76.  A  owes  B  $  1200,  to  be  paid  in  equal  annual  payments 
of  $200  each;  but  not  being  able  to  meet  these  payments  at 
their  maturities,  and  having  an  estate  10  years  in  reversion,  he 
arranges  with  B  to  wait  until  he  enters  upon  his  estate,  when 
he  is  to  pay  B  the  whole  amount,  with  8%  compound  interest 
What  sum  will  B  then  receive  ? 

77.  A  man  who  was  entitled  to  a  perpetuity  of  $  3000  a 
year,  provided  in  his  will  that,  after  his  decease,  his  oldest  son 
should  receive  it  for  10  yr.,  then  his  second  son  for  the  next 
10  yr.,  and  a  literary  institution  forever  afterward.  What 
was  the  value  of  each  bequest  at  the  time  of  his  decease, 
allowing  compound  interest  at  6%  ? 

78.  B  has  3  teams  engaged  in  transportation;  his  horse 
team  can  perform  the  trip  in  5  days,  the  mule  team  in  7  days, 
and  the  ox  team  in  11  days.  Provided  they  start  together,  and 
each  team  rests  a  day  after  each  trip,  how  many  days  will 
elapse  before  they  all  rest  the  same  day  ? 

79.  A  man  bought  a  farm  for  $  4500,  and  agreed  to  pay 
principal  and  interest  in  4  equal  annual  installments.  How 
much  was  the  annual  payment,  interest  being  6%  ? 

80.  A  man  desires  to  set  out  a  rectangular  orchard  of  864 
trees,  so  placed  that  the  number  of  rows  shall  be  to  the  num- 
ber of  trees  in  a  row,  as  3  to  2.  If  the  trees  are  7  yards  apaxt, 
how  much  ground  will  the  orchard  occupy  ? 
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Primer  Series.)  By  Wm.  Geo.  Spencer.  i8mo,  flexible  cloth. 
97  pages 35  cents 

Introduces  the  bef^inner  to  geometry  by  putting  him  at  work  on  problems 
which  exercise  his  inventive  and  constructive  faculties. 

Cepkt  o/tk*  a^tfvt  m  lilfti^  ^st^ptid^  ta  aty  address  en  reaipt  of  price.  Send /Itr 
/nU  detcriptiv*  catatognt  of  Uxt-hooks  in  all  departmtnU  e/kightr  mmtkemattc*. 
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MENTAL  ARITHMETIC 


The   best   text  and  drill  books  in   this  important,  but  too  often 
neglected,  branch  of  study. 

Bailey's  American  Mental  Arithmetic  35  cents 

For  Advanced  Grammar  Classes,  High  Schools,  Academies  and  Normal 
Schools.  Though  only  recently  published  this  book  has  met  with  the  highest 
favor,  and  is  already  in  satisfactory  use  in  the  best  schools. 

Dubbs's  Complete  Mental  Arithmetic        .  .  35  cents 

For  use  in  any  school  where  Mental  Arithmetic  is  taught.  The  rapid  intfx>> 
duction  of  this  book  on  its  own  merit  is  the  best  evidence  of  its  sterling  worth. 

French's  Mental  Arithmetic  ...  36  cents 

The  "  second  book "  of  the  well-known  French's  Arithmetic  Series. 

Raj's  New  Intellectual  Arithmetic  25  cents 

The  Mental  Arithmetic  of  the  popular  Ray's  Series. 

Robinson*s  New  Intellectual  Arithmetic    .  .  35  cents 

The  Mental  Arithmetic  of  the  standard  Robinson's  Series. 

ARITHMETIC  TABLETS  AND  BLANKS. 

National  Number  Tablbt.    **A"          .           .           ,  per  doz.,  45  cents 

National  Number  Tablets.    la  Nos.    .           .           .  per  doz.,  90  cents 

Ray's  Test  Example  Tablets.    8  Nos.             .           ,  per  doz.,       fi.oo 

Piper's  Graded  Seat  Work  in  Arithmetic.    4  Nos.  each,          8  cents 

These  Tablets  are  very  convenient  and  useful  accessories  in  teaching  Arithmetic. 


Copies  of  any  of  the  above  Mental  Arithmetics  will  be  sent  prepaid 
to  any  address  on  receipt  of  price.  The  Tablets  or  Blanks  will  be  sent 
at  purchaser's  expense.  Full  Descriptive  Price-Lists  and  Circulars 
of  other  School  and  College  Text-Books^  sent  free  on  application  to  the 
Publishers  : 

American  Book  Cotci^atv^ 

New  York      ♦      Cincinnati      ♦      Chlcai^o      ♦      ^o»\atv     *     ^«tS^»xA^  ^x^. 


Physical  Geography. 


In  addition  to  the  series  of  Political  Geographies  published  by 
the  Amencan  Book  Company,  their  list  includes  the  following  standard 
and  popular  text-books  on  Physical  Geography : 

APPLETONS'    PHYSICAL    GEOGRAPHY, 

Large  4to f  z.6o 

Prepared  by  a  corps  of  scientific  experts  with  richly-iHustrated  en^^vings, 
diagrams,  and  maps  in  color,  and  including  a  separate  chapter  on  toe 
geological  history  and  the  physical  features  of  the  United  States. 

CORNELL'S  PHYSICAL  GEOGRAPHY. 

Large  4to $i.i2 

Revised  edition,  with  such  alterations  and  additions  as  were  found  necessary 
to  bring  the  work  in  all  respects  up  to  date. 

ECLECTIC  PHYSICAL  GEOGRAPHY. 

z2mo f  z.oo 

By  Russell  Hinman.  A  new  work  in  a  new  and  convenient  form.  AU 
irrelevant  matter  is  omitted  and  the  pages  devoted  exdusiveljr  to 
Physical  Geography  clearly  treated  in  the  light  of  recent  invest!^* 
tions.  The  numerous  charts,  cuts,  and  diagrams  are  drawn  with 
accuracy,  fully  illustrating  the  text. 

GUYOT'S  PHYSICAL  GEOGRAPHY. 

Larg^e  4to f  z.6o 

By  Arnold  Guyot.  Revised,  with  new  plates  and  newly-engraved  maps.  A 
standard  work  by  one  of  the  ablest  of  modem  geographers.  All  parts 
of  the  subject  are  presented  in  their  true  relations  and  in  their  proper 
subordination. 

MONTEITH'S  NEW  PHYSICAL  GEOGRAPHY. 

4to       f  z.oo 

A  new  and  comprehensive  vrork,  embracing  the  results  of  recent  research  in 
this  field,  including  Physiographv,  riydrograph^Tt  Meteorology,  Ter* 
restial  Magnetism,  and  Vulcanology.  The  topical  arrangement  of 
subjects  adapts  the  work  for  use  in  grammar  grades  as  weU  as  for  high 
and  normal  schools. 


A  ny  of  ihi  above  hook*  will  bt  mailed^  juntpaid^  on  recei/t  of  frice.     Full 
fric94ist  0/  books  on  all  subject*  for  all  grades  will  be  seni  on  amplication. 
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School  Histories 


BARNES'S  SERIES: 

Barnes's  Primary  History  of  the  United  States.  By  T.  F.  Donnblly. 
For  Intermediate  Classes.     Fully  illostrated 60  cents 

Barnes's  Brief  History  of  the  United  States.  Revised  to  the  present 
Administration.    Richly  embellished  with  maps  and  illustrations.    $1.00 

ECLECTIC  SERIES; 

Bdectic  Primary  History  of  the  United  States.  By  Edward  S.  Ellis. 
A  book  for  younger  claaes,  or  those  who  have  not  the  time  to  devote  to  a 
more  complete  Hbtory 50  cents 

New  Bdectic  History  of  the  United  States.  By  M.  E.  Thalhbimbr. 
A  revised,  enlarged,  and  improved  edition  of  the  **  Eclectic  History  of  the 
United  States."  Fully  illustrated  with  engravings,  colored  plates,  etc.,  f  i.oo 

EGGLESTON'S  SERIES; 

Bggleston's  First  Book  in  American  History.  By  Edward  Egglbs- 
TON.  With  Special  Reference  to  the  Lives  and  Deeds  of  Great  Americans. 
Beautifully  illustrated.    A  history  for  beginners  on  a  new  plan  .  60  cents 

Bggleston's  History  of  the  United  States  and  Its  People.  By  Ed- 
ward Egglbston.  For  the  Use  of  Schools.  Fully  illustrated  with  en- 
gravings, maps,  and  colored  plates f  1*05 

SWINTON'S  SERIES ; 

Swinton's  First  Lessons  in  Our  Country's  History.  By  William 
SwiNTON.    A  revised  edition  of  this  popular  Primary  History,  48  cents 

Swinton's  School  History  of  the  United  States.  By  William 
SwiNTON.  Revised  and  Enlarged.  New  features,  new  maps,  new 
illustrations  and  brought  down  to  the  Columbian  year       .       90  cents 

We  also  publish  several  other  Histories  of  the  United  States  for  Schools. 
For  full  list  see  Descriptive  Section  No.  7. 


General    History 


Appletons*  School  History  of  the  World.    New  Edition     ....  f  x.» 

Barnes's  Brief  General  History  of  the  World 1.60 

Fisher's  Outlines  of  Universal  History a.40 

Swinton's  Outlines  of  the  World's  History 1.44 

Thalheimer's  General  History i.m 

Our  list  also  includes  Histories  of  England,  France,  Greece,  Rome,  etc., 
besides  Ancient,  Medixval,  and  Modem  Histories,  and  Manuals  of  Mythology. 

Circulars  and  Section  7,  of  our  List  fully  describes  these  and  other  works  on 
the  same  subject.  They  are  sent  free  on  request.  Special  terms  for  introduction. 
Correspondence  invited. 


American  Book  Company 
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This  book  Bhonld  be  returned  to 
the  Ijibrary  on  or  before  the  last  date 
stamped  below. 

A  fine  of  Ave  cents  a  day  is  inourred 
by  retaining  it  beyond  the  speoifled 
time. 

Please  retom  promptly. 


